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CEREBRAL MUCORMYCOSIS (PHYCOMYCOSIS) 


OcuLaR FINDINGS AND REVIEW OF LITERATURE 


ANDREW P. Ferry, M.D. 


From the Department of Surgery (Ophthalmology) of the New York Hospital-Cornell 
Medical Center, New York, New York 


Mucormycosis is the most acutely fatal fungus infection of man. The family 
Mucoraceae, to which the genus Mucor belongs, is abundant in nature, existing 
in saprophytic form in the soil and manure, as well as being the causative agent 
in various forms of ‘‘bread molds” familiar to every housewife. Less familiar to 
most physicians, however, are the pathogenetic capacities of Mucor and certain 
other genera of the family Mucoraceae, although many will recall that Mucor is 
a common laboratory contaminant and has been observed in nose and stool 
cultures of healthy persons. The purpose of this paper is to acquaint the oph- 
thalmologist with that form of mucormycosis which has come to be known as 
“cerebral mucormycosis,” and to add our present case to the 33 previously re- 
ported cases,'*? none of which has been reported in the ophthalmic literature. 

While mucormycosis has been reported in primarily cutaneous, pulmonary, 
gastrointestinal and disseminated forms, it is the type of involvement known as 
cerebral which is of greatest moment to us. It presents a characteristic clinical 
appearance which, together with the patient’s history, should suggest a diagnosis 
of cerebral mucormycosis. The diagnosis can then be confirmed by culture or 
histologic study of biopsy specimens taken from appropriate areas of involve- 
ment. Typically, the patient with cerebral mucormycosis is a diabetic in acidosis 
who develops proptosis, edema of the lids and total ophthalmoplegia, all of 
which are unilateral. As the acidosis is cleared by appropriate medical therapy, 
the stupor or coma remains, and progressive neurologic deficit appears, which is 
most commonly contralateral hemiparesis and paralysis of the homolateral 7th 
cranial nerve. The patient’s decline is rapid; death usually ensues within 4 to 
10 days following the appearance of proptosis. 

Despite the characteristic clinical picture, the diagnosis has seldom been made 
before death. The usual working diagnosis, which appears even more tenable 
because so many of these patients have a history of recent appearance of sinusitis, 
is cavernous sinus thrombosis. At autopsy, however, the finding of hyphae 
typical of Mucor in the involved tissues establishes the diagnosis. The lesions 
produced by the organisms are characteristic, and most authorities believe that 
despite the lack of confirmation by culture, the clinical and histologic findings 
are so constant that diagnosis without cultural confirmation is acceptable. 
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CASE REPORT 

A 52-year-old white housewife of Italian descent was admitted to the New 
York Hospital for the first time in September 1958 for evaluation of her pitui- 
tary status because of recent increase in fatigue and irritability. She had de- 
veloped signs of acromegaly 22 years before. At the time of admission she was 
unaware that she had diabetes mellitus. Her admission urine gave a 4+ reaction 
for reducing substances and her fasting blood sugar was 245 mg. per 100 cc. There 
was a history of sudden, painful loss of vision in the right eye 3 months previ- 
ously for which she had undergone glaucoma surgery at another hospital. On 
physical examination the usual signs of acromegaly were noted. She had no 
light perception in the right eye. Visual acuity in the left was 15/200, and could 
not be improved with pinhole or lenses. The right cornea was ulcerated centrally 
and was anesthetic. There was temporal hemianopsia on the left. With the use 
of the Schidtz tonometer and the 5.5-gm. weight, scale readings of below 0 and 
3.5 were obtained in the right and left eyes, respectively. With the 10-gm. 
weight, a scale reading of 1.0 was recorded on the right. Rubeosis iridis was 
pronounced on the right and minimal on the left. Posterior synechiae were 
present on the right. There was early posterior subcapsular cataract formation 
bilaterally. Many diabetic microaneurysms were present in each eye. Skull x-rays 
demonstrated enlargement of the sella turcica to 27 mm. in the A-P diameter. 
While in the hospital her fasting blood sugar levels became lower and her urine 
sugar determinations were recorded as 1+ most of the time. At the time of 
discharge it was the opinion of her physicians that neither insulin nor oral hypo- 
glycemic agents were necessary for control of her diabetes. 

On her admission to the New York Hospital, 2 months later, a Scheie pro- 
cedure was performed on the left because of failure to control her tension. At the 
time of this admission one fasting blood sugar was 191 mg. per 100 cc. and a 
second was 145 mg. per 100 cc. Except for one report of 1+-, all of her “fractional 
urines”’ were recorded as being negative for sugar. 

She was readmitted in January 1959 to the Neurosurgical Service for ex- 
ploration of her pituitary. At operation, the enlarged sella was found to contain, 
in addition to adenomatous tissue (subsequent microscopic examination: chromo- 
phobe adenoma), thick, brownish, semiliquid material. The right frontal sinus 
was entered during the procedure. 

She did well postoperatively, although there was no significant improvement 
in her visual acuity or field. 

She was readmitted to the Neurosurgical Service briefly in February 1959 be- 
cause of discharge from the right coronal incision. At operation there was evidence 
of some infected granulation but no frank pus nor any infection in the bone plate 
itself. The bone plate was removed. A microaerophilic staphylococcus was cul- 
tured from the infected granulation. The corneal ulcer persisted on the right, but 
the intraocular pressure had fallen to 16 mm. Hg as phthisis bulbi supervened. 

The last time the patient was seen before her final admission was in May, 
1959. At that time she was preparing to leave for an extended vacation in central 
New York State. She felt quite well. She was advised to continue taking Serpasil 
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and chlorothiazide for her vascular hypertension together with thyroid extract 
and cortisone which she now required as a consequence of her hypophysectomy. 

The fifth and final admission was on September 29, 1959, to the Medical Service 
because of stupor and painful swelling of the left leg. Two months before admis- 
sion she had developed an indolent ulcer of the left heel which would periodically 
crust over and subsequently break down. Three days before admission her hus- 
band had noted a foul odor about the left foot. Henceforth, the patient remained 
in bed, ate little food and soon began having periodic hallucinations and severe 
pain in the left lower leg. Twelve hours before admission the patient began to 
complain of pain in the right eye. At this time her family noted that the right eye 
was beginning to bulge. A trickle of blood was noted at the right external nares 
10 hours before she was admitted. 

Four hours later she was found to be stuporous, but responded when shaken. 
On the advice of her family physician the dose of cortisone had been increased to 
62 mg. daily (from her maintenance level of 37 mg. daily) during the 48 hours 
preceding admission. She was not receiving insulin or oral hypoglycemic agents. 

Physical examination upon admission disclosed : rectal temperature 101°F .; blood 
pressure 116/70; deep and regular respirations at a rate of 24 per minute; and 
pulse 100 per minute. She was semicomatose. There was swelling and discolora- 
tion of the right upper lid and the left leg was extremely malodorous. The patient 
was dehydrated and there was loss of skin turgor. Dried blood was noted at the 
right external nares and in the posterior pharynx. Except for cardiomegaly, ex- 
amination of the heart and lungs was not remarkable. Both femoral pulses were 
present. The posterior tibial pulse was felt on the right but not on the left. The 
left foot and lower leg were swollen. The skin in that area was peeling. There was 
a bluish-red discoloration of the posterior aspect of the left foot, from which 
oozing of a serous material was noted. Crepitus was marked in the left foot and 
extended up to the mid-thigh level. Neurologic examination was not done. 

The hematocrit was 25 per cent. White blood cell count on peripheral blood was 
17,600 with 75 per cent mature polymorphonuclear leukocytes, 10 per cent 
“bands,” 9 per cent lymphocytes, 2 per cent monocytes, 2 per cent eosinophils 
and 2 per cent basophils. Four plus reactions were reported for urine sugar and 
acetone, while reaction for albumin was 1+. Examination of the urine sediment 
was not remarkable. Blood chemistries were: blood sugar, 572 mg. per 100 cc. 
(i.v. glucose infusion running); CO2, 13 mEq. per 1.; chlorides, 93 mEq. per 1.; 
sodium, 130 mEq. per |.; potassium 3.8 mEq. per |.; and blood urea nitrogen 56 
mg. per 100 cc. On bacteriologic examination, cultures of exudate from the left 
foot grew out Clostridium novyi (Bacillus oedematiens), y-streptococci and mo- 
nilia. Culture of the discharge from the right eye was positive for hemolytic 
Staphylococcus aureus, B-hemolytic streptococci and diphtheroid bacilli. Gram 
stain of the discharge from the right eye showed only Gram-positive rods and in- 
flammatory cells (no hyphae were seen). Urine culture was negative. 

It was the impression of the medical staff that the patient was suffering from 
gas gangrene of the left leg, diabetic acidosis and right sided purulent conjuncti- 
Vitis. 
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The patient was treated with fluids, large doses of penicillin, hydrocortisone, 
tetanus antitoxin and polyvalent gas gangrene antitoxin, all administered in- 
travenously. She was also given regular insulin intravenously and sub- 
cutaneously. 

Approximately 4 hours after admission a left mid-thigh amputation was per- 
formed under local anesthesia. Twelve hours after admission (12 hours prior to 
death) it was observed that the right eye was becoming increasingly proptotic. 
Three hours prior to death the patient was seen in consultation by a member of 
the ophthalmology service. Intense swelling of the right supraorbital region, with 
ecchymosis and sloughing of the superficial layers of the skin, was described. The 
infraorbital region was involved only to a minor degree. The right eye was prop- 
totic. Chemosis was present on the right, the subconjunctival tissue being grayish 
in color. There was a seropurulent discharge which was malodorous. The giobe 
itself was very soft. The cornea was ulcerated but not perforated. The anterior 
chamber was formed and surprisingly clear. Because of the sensorium level, the 
extraocular muscle function could not be tested. The right pupil did not react to 
light, but the patient was known to have dense posterior synechiae in the right 
eye. Dense cataract formation precluded examination of the right fundus. The 
impression was orbital cellulitis and, possibly, cavernous sinus thrombosis. 

Postoperatively the patient was treated with intravenous fluids to which peni- 
cillin, achromycin, polyvalent gas gangrene antitoxin and tetanus antitoxin had 
been added. Cortisone acetate was begun in doses of 75 mg. intramuscularly 
three times daily. Digitalization with digitoxin was begun and she was main- 
tained on doses of regular insulin as required. Her condition deteriorated rapidly 
and she died quietly 24 hours after admission. 

Autopsy was performed 1 hour after death. 

Gross. The olfactory bulbs and olfactory nerves were absent. There was soften- 
ing, brown discoloration and thinning of the cortex of the tips of the frontal lobes. 
The blood vessels in these areas were white and solid. The remainder of the 1100- 
gram brain was not remarkable. The walls of the cerebral vessels were irregularly 
thickened by yellow and gray calcified atheromata occluding up to 50 per cent of 
the lumen. The pituitary gland was noted to be surgically absent. Examination 
of the right eye was limited to the posterior portion of the globe and the optic 
nerve. The eye was removed from behind in such a fashion that the cornea, iris, 
lens and most of the ciliary body remained in situ, leaving the remainder of the 
eye available for study. The vitreous of the right eye was described as black and 
opaque. The left eye was not examined, nor were the paranasal air sinuses. 

Bacteriologic cultures of the heart blood and left lung taken post mortem were 
negative. Cultures of the contents of the right eye grew out 7-streptoccci, 
Staphylococcus albus and Proteus rettgeri. Fungus cultures were not done. 

Microscopic. The most striking ocular findings were in the choroid, which was 
thickened to several times normal size. Scattered throughout the choroid were 
hyphae characteristic of the family Mucoraceae: broad (averaging 14 to 18 yw in 
diameter), branching, nonseptate structures with refractile borders and almost 
tubular in appearance (fig. 1). They stained purplish red with Masson’s stain and 
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Fic. 1. (Upper) Hypha in sclera (Niss] stain) 
Fic. 2. (Lower) Hyphae in walls of choroidal vessels (hematoxylin and eosin stain) 


reddish blue with hematoxylin stain. The Nissl stain also demonstrated the hy- 
phae to good advantage. Invasion of the tunica muscularis of the arterioles was 
frequent (fig. 2), as were thrombi containing the hyphae bound up in the throm- 
botic material itself (fig. 3). There were scattered areas of focal accumulations of 
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of inflammatory cells, most of which were polymorphonuclear leukocytes. The 
retina was missing, presumably as a consequence of the method used in removing 
the eye at the time of autopsy. However, hyphae were noted traversing Bruch’s 
membrane and extending into the pigment epithelium of the retina. In the sclera, 
hyphae were much less frequent than was the case in the choroid. Most of the 





Fic. 3. (Upper) Hyphae in thrombotic vessels in choroid (Masson stain) 


Fic. 4. (Lower) Hyphae in thrombotic meningeal vessel (hematoxylin and eosin stain) 
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hyphae which were encountered in the sclera were located in the superficial 
lamellae of the sclera and in the episclera. The sheaths of the optic nerve demon- 
strated fairly frequent invasion by the organism. Involvement of the nerve itself, 
however, was rare, being detected in only one of the multiple sections which were 
studied. 

The hyphae were very prominent in the brain, involving the walls and lumina 
of the blood vessels which frequently contained fibrinous thrombi and neutrophils 
(fig. 4). Hyphae and neutrophils were present in and around the vessels of the 
brain and meninges and within the substance of the brain. There was focal necro- 
sis and edema of the neural parenchyma adjacent to the areas of inflammation. 

In addition to mucormycosis of the central nervous system and gas gangrene 
of the left leg, final diagnosis included generalized arteriosclerosis, old and recent 
coronary artery occlusion with old and recent myocardial infarctions, hyper- 
tensive cardiovascular disease, diabetic glomerulosclerosis, adenoma of the thy- 
roid, old hemorrhagic cyst of the left ovary and postoperative resection of 
chromophobe adenoma of the pituitary. 


MYCOLOGY 


Before going on to an analysis of the clinical findings in the 34 known cases of 
cerebral mucormycosis it would be profitable to review briefly the mycology of 
the disease (chart I). It will be recalled that the phylum Thallophyta is divided 
into two main groups, the algae, which contain chlorophyl, and the fungi, which 
contain no chlorophyl. The fungi, in turn are subject to division into Eumycetes 
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(true fungi) and Pseudomycetes. The first of these two major divisions of fungi, 
the Eumycetes, may be divided into four classes, the Phycomycetes, the 
Basidiomycetes, the Ascomycetes and the Fungi Imperfecti (no sexual spores). 
The class Fungi Imperfecti contains most of the pathogens with which we are 
familiar except for Actinomyces and Nocardia, which are forms of Pseu- 
domycetes. The classes of Basidiomycetes and Ascomycetes are of no importance 
to this discussion. This leaves us with the class Phycomycetes, the class in which 
occur the organisms which produce so-called cerebral mucormycosis. The class 
Phycomycetes is broken down in turn into orders, families, genera and species. 
The fungi which are pertinent to our discussion are in the class Phycomycetes, 
order Mucorales, family Mucoraceae. In the Mucoraceae there are two genera 
which are of importance to the present problem, Mucor and Rhizopus. It is of 
paramount importance to note that Mucor has never been cultured from any of 
the 33 previously reported cases of cerebral mucormycosis. Fungus cultures were 
positive in five cases but, in each instance, it was a Rhizopus species which grew 
out, rather than a Mucor species. This led Bauer,* in 1955, to point out that the 
term mucormycosis is valid only if applied to infections caused by members of 
the order Mucorales (rather than by Mucor species alone). Subsequently, Lie- 
Kian-Joe et al.,2* noted that while Bauer’s expanded definition of mucormycosis 
was satisfactory for covering the mycologic aspects of the clinical picture known 
as cerebral mucormycosis, this new definition excluded infections such as those 
caused by Basidiobolus species in the order Entomophthorales in the class Phy- 
comycetes. For this reason they proposed that the designation Phycomycosis be 
used to supplant the older term mucormycosis. One of their prime reasons for 
this proposal was to eliminate the welter of confusing names which would arise 
were every disease caused by various genera in the class Phycomycetes to be 
named generically (e. g. mucormycosis, basidiobolomycosis, etc). One would thus 
have to refer to an infection caused by Rhizopus oryzae, for example, as a Phy- 
comycosis due to Rhizopus oryzae rather than to simply Mucormycosis, as has 
been the pattern in the past. Because of the fact that infections caused by mem- 
bers of the class Phycomycetes will be recognized by ophthalmologists with in- 
creased frequency in the future, the nomenclature and taxonomy involved in 
understanding the class Phycomycetes has been dwelt upon in detail. 

Fungi reproduce by spores of one type or another. On a suitable substrate, a 
fungus spore enlarges somewhat and germinates, sending out one or more tube- 
like processes. These processes elongate by growth at the distal end and become 
large filaments, which eventually branch. Each of these filaments is called a 
hypha. Soon after developing from the germinating spore, such a hypha may be- 
come divided into a chain of cells by the formation of transverse walls at regular 
intervals. These cross walls, or septa, are laid down behind the growing point and 
divide the hyphae into uninucleated or multinucleated cells. The hyphae which 
are divided by septa are known as septate hyphae. Some fungi, however, do not 
develop septations in the hyphae and are said to be nonseptate. Non- 
septate hyphae allow the nucleated protoplasm to flow uninterruptedly through- 
out the tubes and are described as being coenocytic. As the hyphae continue to 
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grow and branch there soon develops a mat of growth called the mycelium. That 
part of the mycelium which penetrates into the substrate and absorbs food for 
further growth is known as the vegetative mycelium while that part of the growth 
which projects above the surface of the substrate is called the aerial mycelium. 
From the aerial mycelium, spores are produced in characteristic ways, and these 
spores act as the propagating structures which, on dispersal to new substrates, 
germinate and form new growths.” 

The hyphae of all members of the class Phycomycetes are nonseptate in type. 
All other true fungi have septate hyphae. The hyphae of the family Mucoraceae 
are, of course, nonseptate. They are broad (up to 50 uw in diameter) and branch 
freely. Most of the hyphae in the reported cases of cerebral mucormycosis were 
from 4 to 18 uw in diameter. They stain readily in histologic section with hema- 
toxylin and eosin dyes, usually appearing purplish red to reddish blue in color. 
Mucor and Rhizopus species can be differentiated from each other only by their 
characteristic sporulation. Since characteristic sporulation is rarely present in 
tissue biopsy specimens or in histologic preparations of post-mortem material, 
resort to culture is necessary for absolute identification of the etiologic genus. 
Species within each genus are distinguished by their sporangia, sporangiospores 
and zygospores. 

On Sabouraud’s glucose agar the Mucoraceae grow readily at room tempera- 
ture and sporulate under aerobic conditions. They are sometimes called “sugar 
fungi” because of their ability to break down carbohydrates. 


CLINICAL CONSIDERATIONS 


Mayer,” in 1815, found organisms of the class Phycomycetes in the lungs of 
a blue jay. Sluyter,®° in 1847, reported a case of pulmonary mucormycosis 
in a woman with gangrene of the lung. His findings were widely questioned, how- 
ever, and credit for the first acceptably documented case of human pulmonary 
mucormycosis is generally given to Fiirbringer* in his report in 1876. Meanwhile 
Boke,” in 1869, in a patient with external otitis, had reported what is regarded 
as the first conclusive instance of human infection by Mucor. The first case of 
human cerebral mucormycosis was described by Paltauf! in 1885. No mention of 
any ocular or orbital abnormalities is to be found in his paper. No further cases 
of cerebral mucormycosis were reported until 1943, when Gregory et al.,? de- 
scribed three fatal cases. The patients were diabetics in acidosis and exhibited 
what have now come to be regarded as characteristic orbital signs. Since the re- 
port of Gregory et al., cases of cerebral mucormycosis have been reported with in- 
creasing frequency. With our present report there are now a total of 34 cases. The 
pertinent findings in each of these cases have been outlined in chart IT. 

In addition to these 34 cases of cerebral mucormycosis there are other instances 
of mucormycosis involving the eye alone, the brain alone or the nose and para- 
nasal sinuses alone. Thus, Cavara,* in 1928 described two cases of keratomycosis 
due to Mucor, one of his own and one of DeBono, both of which he had reported 
earlier in the Italian literature. Veirs,** in 1958, described a patient with mycotic 
keratitis. After enucleation of the eye histologic study of the cornea demonstrated 
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the presence of ‘‘...an unidentified fungus having some histologic characteris- 
tics of a species of Mucor.. .”. Cultures were negative. Wadsworth,** in 1951 
reported the case of a 10-year-old boy whose fundus findings were such that 
diagnosis of Coat’s disease was made. Eventually glaucoma developed and the 
eye was enucleated because of the fear that a retinoblastoma might be present. 
Histologic study of the enucleated eye disclosed the presence of hyphae char- 
acteristic of Mucor in one area of the retina. Ash and Raum,** described the case 
of a 17-year-old nondiabetic male with nonfatal nasal mucormycosis. Keye and 
Magee,*’ in a review of mycoses in a general hospital, mentioned 3 cases (2 in- 
fants and 1 adult) in which they attributed death to “primary mucormycosis.” 
Diarrhea was the presenting symptom in the two infants, and the fungus was 
found invading the duodenal wall and blood vessels of one infant. All 3 had lesions 
with “fungous cells” in brain. Two had localized brain abscesses, while the third 
had extensive encephalomalacia and encephalitis. None of their 3 patients was 
diabetic. Hutter,** reported the case of an 8-year-old boy with acute leukemia 
who developed 4+ glycosuria while receiving adrenal corticosteroids. At autopsy 
hyphae were found in the brain and in cerebral and meningeal blood vessels. 
Torack,*® in an excellent clinical review of the possible roles played by antibotic 
and adrenal corticosteroid therapy in predisposition to mycotic superinfection, 
included 3 cases of mucormycosis in one of which hyphae characteristic of Mucor 
were found in the meninges. Hafstrém et al.,*° reported the case of an elderly male 
with a long history of right facial and right arm seizures. At craniotomy a calci- 
fied mass was removed. Fungi were found in histologic sections of the mass. It 
was suggested that the fungi might be Mucor. Stevenson,“ reported a case of 
chronic sinusitis in a middle-aged woman. Culture grew out organisms which he 
thought to be Mucor species. However, students of mucormycosis have been in- 
clined to reject the last two mentioned cases. In none of the patients in the above 
described reports**- were the findings characteristic of what has come to be 
known as cerebral mucormycosis. 

Of the 34 patients with cerebral mucormycosis 27 were diabetic and of these 
27 diabetics 20 were in diabetic acidosis. Most of the nondiabetic patients were 
suffering from some serious debilitating illness, most commonly uremia. This is 
in keeping with the findings in cases of mucormycosis other than the cerebral type 
where, in addition to diabetes, many of the patients have had predisposing serious 
illnesses, such as uremia, leukemia, severe burns and cirrhosis. 

Of the 34 cases of cerebral mucormycosis 30 died and 4 survived. In May, 1955, 
Bauer et al.,° reported the first case in which the offending organism was recovered 
on culture, (Rhizopus oryzae from ethmoid sinus). In December, 1955, Harris,” 
reported the first instance of survival by a patient with cerebral mucormycosis 
and also was able to culture out the causative fungus (Rhizopus arrhizus from 
biopsy of palatal ulcer). As outlined in table 1, positive fungus cultures have been 
reported in only 3 other cases. In an additional four instances fungus cultures 
were attempted but unsuccessful. In one of these unsuccessful attempts® cultures 
of the cerebrospinal fluid were negative for fungi. Bryan et al.,'* made vigorous 
attempts to grow the organism from autopsy material but did not succeed. The 
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TABLE 1 
Fungus Cultures in 34 Cases of Cerebral Mucormycosis (Cerebral Phycomycosis) 








Culture | No. of Cases 
SOE COP REL CLE ELLE PES FE POPES ESET EET FET eT ery | 25 
I II oo 5c oy ca ew ak de nselesawenoceewseannetarenereos 4 
riers Tit arctic cand iat ub alten ain rach Raa Roa ae OR Ree eee a are ae | 5 


1. Bauer et al. (case 12): Rhizopus oryzae; ethmoid sinus; postmortem | 
2. Harris (case 14): Rhizopus arrhizus; palatal biopsy; survival | 
3. Baker (case 19): ‘‘Rhizopus’’; operative incision (ethmoid sinus); survival! 
4. McCall and Strobos (case 20): Rhizopus oryzae; ‘‘exudate from the left | 

eye’’; survival 
5. Smith and Yanagisawa (case 29): Rhizopus arrhizus; sphenoid and | 

ethmoid sinuses; premortem 





attempts of Smith and Kirchner,”' (case 27) and Lie-Kian-Joe et al.** to culture 
the organisms from appropriate areas of involvement were not successful, despite 
the detection of hyphae in histologic sections. Needless to say, the reason that 
fungus cultures were not done in the other 25 cases is that the diagnosis was not 
suspected clinically or at the autopsy table. 

Of the 34 cases of cerebral mucormycosis, 30 have been reported from the 
United States and Canada. Individual reports have come from Austria, England, 
Australia and Indonesia. Analysis of chart II suggests no predisposition by age, 
sex or race. 

The two most frequent signs of orbital and ocular involvement by the fungus 
are proptosis and homolateral ophthalmoplegia (table 2). Of the 22 patients with 
ophthalmoplegia, 14 had both internal and external ophthalmoplegia. The re- 
maining 8 exhibited internal ophthalmoplegia alone. Characteristically the 
affected pupil was fixed in the midposition. Edema of the eyelids was found in 
14 of the 34 patients. This was always more prominent in the upper lid than in 
the lower lid and, upon several occasions, extended across the bridge of the nose 
to involve the lids of the opposite eye to a minor degree. Several of the patients 
with edema of the lids developed greenish-black necrosis, with ultimate sloughing 
of the lids, presumably due to infarction as a consequence of thrombosis in the 
regional vessels. Chemosis and conjunctival edema were found in 11 of the pa- 
tients in the series. Corneal edema occurred in 8 individuals and corneal anes- 
thesia in 7. Ophthalmoscopic examination of the fundi, when done, was usually 
not remarkable. Several authors described mild dilation of the retinal veins. One 
of Smith’s”' patients had normal fundi on admission but developed thrombosis 
of the “‘left retinal artery’ 36 hours prior to death. Borland,** reported a “white 
haze behind the right lens” on ophthalmoscopy. 

Of the neurologic findings other than those involving the eye (table 3), coma 
was the most frequent, being reported in 24 cases. Palsy of the homolateral 7th 
cranial nerve was found in 10 individuals. The palsy was of the peripheral type. 
An increased number of cells in the cerebrospinal fluid, probably a reflection of 
meningitis provoked by the fungi, was described in 10 cases. In most of these 
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TABLE 2 
Ocular Findings in 34 Cases of Cerebral Mucormycosis (Cerebral Phycomycosis) 




















Ocular Findings No. of Cases 
IS Sei dinio chin acc adieu sie labin d.winna'd ails nie ae REA aI be et eee 22 
Se GAIL, 55s Sass cds So wicwnwaisaraadee ance Oanenes 22 
EM Nooo sh aes cde ne esis op eh w asa piabwhweeemner 14 
Fear GROIN GIOIID os ois is 5 resicescannesevswscedbiessex 8 
NE ER ee oe ee ee ee ep ree Py 14 
CREA I COMOUEWOE GUIIID oo iio. 6d o oivia cdvein ccc cendieedccnces 11 
III eo rors. a wises ac 0 aa ee ow be wine RAT OSG meres Rave eweien ae see aiaes 8 
PE III S55 va hes Gans betes +n eee wh Ie eee eae 7 
TABLE 3 
Neurologic Findings other than Ocular in 34 Cases of Cerebral 
Mucormycosis (Cerebral Phycomycosis) 
Neurologic Findings | No. of Cases 
Ns ceri Os be Bhan ure tates el eine eae aati aeee eee 24 
Homolateral 7th cramial nerve palsy. ..........5. cc ccccccccceccccccsccces 10 
Increased number of white blood cells in cerebrospinal fluid........... 10 
Se I oi coir ne veer cuecsschennetenetarcunuesbaeewe | 7 
Anesthesia in area of distribution of homolateral 5th cranial nerve....... | 6 
Homolateral motor paralysis of 5th cranial nerve................... ; 5 
Sofa. ns oa cao w a aareeeia ek od Rae AE nea ean ome a Teena oats | 4 
I...) incu, gaa tan ukeaeeraneedebaamines were oh emnw baie 4 





instances the total white blood cell count in the cerebrospinal fluid was approxi- 
mately 100 to 400 white blood cells per mm.®, although in 1 case 10,000 per mm.?, 
were reported. In most of the cases the cells were predominantly polymorphonu- 
clear leukocytes. Contralateral hemiparesis supervened in 7 of the 34 patients as 
the homolateral motor region of the brain became involved. Anesthesia in the 
area of distribution of the homolateral 5th cranial nerve, most often the ophthal- 
mic and maxillary divisions, was reported in 6 patients. Motor paralysis of the 
homolateral 5th cranial nerve was described in 5 individuals in the series. Con- 
vulsions were noted in 4 cases. However, 3 of these 4 patients were children, and 
the convulsions may well have been of the “febrile” type. Nuchal rigidity was 
present in 4 cases and palsy of the 9th cranial nerve in two instances. 
Involvement of the nose and paranasal sinuses is another frequent finding in 
cerebral mucormycosis. Many of the patients gave a history or evidence of recent 
onset of rhinitis or sinusitis or both. In many of the cases described in this series 
the clinical diagnosis had been cavernous sinus thrombosis. This diagnosis was 
rendered all the more tenable in the face of the finding of an acute rhinitis or 
sinusitis. Actually, except for thrombosis of the internal carotid artery as it passes 
through the lateral wall of the cavernous sinus, cavernous sinus thrombosis sel- 
dom has been found in these patients. A sign of paramount importance in a pa- 
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tient with suspected cerebral mucormycosis is the finding of a trickle of dark 
blood from the external nares on the involved side. Further examination often 
discloses the presence of a black, necrotic turbinate, which can easily be mistaken 
for dried blood. Biopsy of the infarcted turbinate, when followed by histologic 
and cultural study of the tissue obtained, is a rewarding procedure in these cases 
and can be done with a minimum of discomfort and risk to the patient. 

The patient usually exhibits a low grade fever throughout the illness, although 
there have been several instances in which individuals maintained temperatures 
between 94° and 96° F. during their hospital course. The white count of the pe- 
ripheral blood is usually significantly elevated, often to 30,000 per mm.*, or more. 
The leukocytosis is due mainly to an increase in the number of circulating poly- 
morphonuclear neutrophils. 


PATHOLOGY AND PATHOGENESIS 


Members of the family Mucoraceae are unique in their propensity to invade 
arterial walls and to provoke a purulent arteritis. Thrombosis of the artery ensues 
with subsequent infarction of the tissues normally supplied by the occluded 
vessel. On histologic section the hyphae are found in the arterial walls as well as 
in the thrombus itself. In most cases the inflammatory response to hyphae lying 
loose in the connective tissue has consisted of the outpouring of only a few poly- 
morphonuclear leukocytes. In several cases the leukocyte response has been much 
heavier. The striking tendency for the organisms to cause thrombosis is well ex- 
emplified by the report of Mayfield and Condie.” Their patient was a leukemic 
with severe thrombocytopenia who developed clinical evidence of pulmonary 
vascular thrombosis. Because of his profound thrombocytopenia this possibility 
was discounted. At autopsy, however, massive thrombosis of the pulmonary 
vessels was found. In the thrombi and in the vessel walls numerous hyphae char- 
acteristic of the family Mucoraceae were present. 

The frequency with which hyphae were found in various sites in the 34 patients 
with cerebral mucormycosis is enumerated in table 4. Hyphae have been found 
in the eye in only 6 patients. Failure to examine the eyes histologically accounts, 


TABLE 4 


Sites in which Hyphae Were Found in 34 Cases of Cerebral 
Mucormycosis (Cerebral Phycomycosis) 








Site No. of Cases 
sh pid ca nie nisleac a aa acne 9k eee ae hide atm ine eg mae aaa ae 25 
SOT OEE RE PETE Ee or ey a ANE eM Ber RNC ae pat aan : 22 
I ores ase ue ca is See eu ee ere wal ed ain nainde coupon ed us 17 
ER crete wie. uke alga aaa ae eeu ee eens aaclem aires res 14 
Thrombosed homolateral internal carotid artery....................... 13 
IN 7. hig so. he suck ate ae pecans 4 are ere Waa eee dee nea eae ares 11 
PR ERIEEE eWEe rege ns ae a a eS A Te CURR As ST 8 





Seer er a A aT Ea Cee Ore Ee RUPEE 6 














CEREBRAL MUCORMYCOSIS (PHYCOMYCOSIS) 19 


in part, for the apparently low incidence of ocular involvement. Further, all of 
the 4 patients who recovered had clinical evidence of severe ocular involvement, 
but these eyes were not available for histologic study. One of these four patients,'® 
did undergo removal of the involved eye but, since evisceration, rather than 
enucleation, was done, adequate sections were not available for study. 

The pathogenesis of mucormycosis has been the subject of a significant amount 
of laboratory research and even wider speculation. Various authors have reached 
a fairly general agreement regarding the routes traversed by the organisms, and 
this may be summarized essentially as follows. Spores of various genera of the 
family Mucoraceae, present in the air, gain entrance to the nose of the afflicted 
individual and subsequently invade the turbinates and paranasal sinuses. From 
these vantage points the organisms spread to the orbit and brain via venous 
channels. In several instances there has been substantial evidence for direct in- 
vasion of the brain through the olfactory groove. Involvement of the eye 
is thought to be due to one or both of two mechanisms: direct invasion of the 
globe from its scleral aspect by organisms which have entered the orbit directly, 
or as arterial metastases of hyphae which have spread from the internal carotid 
artery to the eye via the ophthalmic and posterior ciliary arteries. The histologic 
findings in our case support the latter hypothesis. 

Zimmerman,* has pointed out that among the mycoses, aspergillosis, candidia- 
sis, cryptococcosis, histoplasmosis and mucormycosis are not infrequently seen as 
complications of other primary diseases, while other fungus infections show little 
or no tendency to be associated with pre-existing diseases. He believes that for 
such involvement to occur a complex of factors is necessary, including: (1) an 
underlying state of poor resistance; (2) a locus minoris resistentiae; and (3) eco- 
logic disturbance favoring the organism. To these Foushee and Beck,” would add 
a fourth factor, a change in the pathogenicity of the organism. Long and Weiss,” 
believe that the usual factors involved in predisposition to mucormycosis may be 
assigned to one of the following categories: (1) uncontrolled diabetes mellitus; 
(2) acidosis due to any cause; (3) antibiotic therapy; (4) therapy with ACTH or 
adrenal corticosteroids; or (5) miscellaneous. It is to this paper »nd to one by 
Torack,*® that the reader is referred for a fuller consideration of the predisposing 
factors operative in production of mucormycosis, especially from the standpoint 
of the roles played by antibiotic therapy and associated bacterial infections. 

Rabbits and mice rendered diabetic by administration of alloxan have been 
the laboratory animals studied most closely in experimental production of mu- 
cormycosis. These animals, when in the acutely toxic stage of alloxan diabetes, 
show a marked increase in susceptibility to spread of the fungus. In 1955, Bauer 
et al.,“ reported that the lesions produced experimentally by the intranasal in- 
stillation of spore suspensions of fungi of the order Mucorales in rabbits in the 
acutely toxic phase of alloxan induced diabetes closely resemble those of cerebral 
mucormycosis in man. Similar instillation of spores was carried out in nondia- 
betic control rabbits. They noted that the changes in the nondiabetic rabbits 
differed greatly from those of the diabetic animals. In the former group the lesions 
were few in number and of minute size. They were surrounded by many poly- 
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morphonuclear leukocytes which showed no unusual degree of degenerative 
change. Rare spores, but no hyphae, were present in the lesions of the nondiabetic 
animals. 

Sheldon and Bauer,*® subsequently reported that in normal rabbits subcu- 
taneous granulomata produced by the injection of a spore suspension of Rhizopus 
oryzae remained confined to the site of inoculation, showed no fungus prolifera- 
tion, no longer yielded the agent on culture 10 weeks after inoculation, 
and eventually healed. Similar well established granulomata in rabbits with acute 
alloxan diabetes induced 8, 10 and 15 days after injection of the fungus uniformly 
showed activation of the infection. This occurred only in animals showing aceto- 
nuria. In these animals the skin lesions showed proliferation of the fungus fre- 
quently associated with invasion and early necrosis of the granuloma wall. In 
some instances spread of the infection to adjacent tissues with invasion of blood 
vessels had occurred. 

By this time it had become apparent that only while in the acutely toxic phase 
of alloxan diabetes do laboratory animals exhibit this markedly increased sus- 
ceptibility to the fungus. As the acute toxic phase recedes and only hyperglyce- 
mia persists, resistance to invasion by the fungus increases. Thus, factors other 
than hyperglycemia alone are operative in production of mucormycosis. Bauer 
et al.*® studied the effects of hyperglycemia induced by continuous intravenous 
infusion upon susceptibility of nondiabetic rabbits to invasion by spores of Rhizo- 
pus oryzae instilled intranasally or intratracheally. They noted that such spore 
instillation in these animals produced nasal, and sometimes pulmonary, lesions 
which were more numerous and extensive than those produced in normal ani- 
mals, but that the lesions produced did not approach in extent or severity those 
produced in rabbits with acute alloxan diabetes. Long and Weiss,” have tried to 
correlate the above observations with the clinical picture of diabetic acidosis. 
They point out that in the acute stage of alloxan diabetes there is a high blood 
sugar, peripheral vascular collapse, lethargy and ketosis, somewhat comparable 
to the findings in human diabetic coma. 

Attention has also been given to the possible role played by increased adrenal 
corticosteroid formation in the pathogenesis of mucormycosis. Bauer et al.‘” re- 
ported that cortisone administered to normal rabbits for 4 to 23 days preceding 
inoculation with the fungus Rhizopus oryzae slightly decreased host resistance to 
this agent but did not lead to widespread infection. Baker et al.,** however, be- 
lieve that cortisone facilitates spread of the fungus to a greater degree 
than Bauer’s report would indicate. They produced peritoneal mucormycosis 
in cortisone treated mice, rats and guinea pigs with Rhizopus oryzae as the patho- 
gen. It was found that in the cortisone treated group the organisms spread to 
extraperitoneal organs to a much greater extent than in normal controls. In the 
cortisone treated animals the lesions produced by the fungi were larger and more 
of the hyphal forms of the fungus were present than in the untreated controls. 

In view of the seeming relationship between mucormycosis and the presence of 
diabetes and increased adrenal corticoid production, the observation of McArthur 
et al.” that the rate of urinary excretion of corticosteroids during diabetic acidosis 
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is from 2 to 8 times normal becomes especially significant. Also, it will be re- 
called that in Cushing’s syndrome the findings include both diabetes and in- 
creased adrenal corticosteroid production. Shanklin,®° has reported a fatal case of 
pulmonary mucormycosis in such a patient. Further, most of the patients with 
mucormycosis who did not have diabetes were victims of other stress producing 
illnesses (e. g., severe burns). It is not unreasonable to believe that increased for- 
mation of adrenal corticosteroids accompanied the stress producing situations 
in this latter group of patients. 

As will be recalled from the discussion of the pathology of mucormycosis the 
number of polymorphonuclear leukocytes present in the lesions varies con- 
siderably. Schauble and Baker,*! studied histologic sections of lesions produced 
by both spores of Rhizopus oryzae and Micrococcus pyogenes, var. aureus in acute 
alloxan diabetes. They found a good inflammatory response to both of these or- 
ganisms and concluded that the increased susceptibility to these agents in the 
acute diabetic state is not due to failure of migration of polymorphonuclear cells 
to the site of infection, but to some other factor. Bauer and Sheldon,” evaluated 
the effect of leukopenia upon experimental mucormycosis. Infection was pro- 
duced by intranasal instillation of spores in rabbits with severe, sustained leuko- 
penia induced by repeated injection of nitrogen mustard. Initially, these animals 
developed extensive fungus lesions at the site of inoculation. These lesions later 
became granulomatous and tended to heal. Only the early phases of host resist- 
ance appeared impaired by the virtual elimination of the polymorphonuclear 
leukocyte as a factor in the host response. Despite the persistent leukopenia and 
granulocytopenia the later phases of host resistance resembled those of the nor- 
mal animal. Thus, the behavior of the infection in this experiment differed greatly 
from the unchecked progression of mucormycosis in the metabolically abnormal 
animal with acute alloxan diabetes. Comparing the differences in the course of 
the infection and in the morphologic appearance of the lesions in leukopenic rab- 
bits and in rabbits in the acute phase of alloxan diabetes, they concluded that 
metabolic alterations in the host affect all phases of host resistance and not only 
the polymorphonuclear leukocytic response. 


TREATMENT 


At first glance, the fact that only 4 of the 34 patients with cerebral mucormyco- 
sis survived would seem to attest to relatively inefficacious therapy. When one 
considers, however, that only in a relatively few instances were the various pa- 
tients’ physicians aware of the mycotic etiology of the illness, the high mortality 
rate becomes less surprising. A brief resume of the therapy used in management 
of the 4 patients who survived is of interest. All 4 were diabetic, and 3 of them 
were in acidosis. Appropriate management of the metabolic defect is of prime 
importance and was so handled by the physicians responsible for the care of these 
4 patients. In addition, Harris," treated his patient with potassium iodide sys- 
temically, topical sodium propionate and gentian violet (to her palatal lesion) 
and desensitization to Rhizopus vaccine. Baker," did not describe the use of 
specific antimycotic therapy. McCall and Strobos,'® used Nystatin, parenzyme 
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and potassium iodide. Faillo et al.** used oral potassium iodide together with 
topical Nystatin and proteolytic enzyme. 

With the advent of Amphotericin B as a promising antifungal agent it was not 
long before this drug was evaluated in the laboratory for its potential value in 
therapy of mucormycosis. Recently, Chick e¢ al. reported their studies in this 
regard. Infection was produced in rabbits by injection of Rhizopus spores into 
the ear vein. In control, untreated rabbits, the intravenous injection of Rhizopus 
spores produced foci of proliferating hyphae in many organs, with neutrophilic 
response to the presence of the fungus and prominent renal abscesses. In those 
rabbits which were infected by intravenous injection of spores and treated with 
intravenous Amphotericin B, however, lesions were virtually absent, although a 
foreign body reaction occurred about nonproliferating spores in the lungs. In a 
related experiment Amphotericin B protected a rabbit given a dose of Rhizopus 
spores which had been standardized as lethal for untreated rabbits. In a subse- 
quent paper, Chick et al.** reported that Amphotericin B inhibited the hyphal 
transformation of spores of Rhizopus oryzae when this agent was introduced into 
pneumoderma pouches in rats. 

One of the patients with cerebral mucormycosis reported by Smith and 
Kirchner,” (case 27) was treated with Amphotericin. The patient did not survive. 
It is noteworthy, however, that the drug was not started until the third week of 
illness. As cerebral mucormycosis becomes more widely recognized Amphotericin 
B and the other newer antifungal agents will undoubtedly receive clinical trial. 
Regardless of which agent comes to be regarded as the drug of choice in treatment 
of cerebral mucormycosis it is imperative that it be used early in the illness, be- 
fore irreversible intracranial lesions develop. Obviously, this can be accomplished 
only by early recognition of the disease. 


SUMMARY 


Cerebral mucormycosis is a disease which has been recognized with increased 
frequency in recent years. In most instances the patients have been diabetics in 
acidosis. 

Typically, unilateral proptosis, lid edema, and internal and external ophthal- 
moplegia have been present, while chemosis, corneal edema and corneal anes- 
thesia have been less frequent findings. In 6 cases, hyphae characteristic of the 
family Mucoraceae have been found in the eye. 

Only 4 of the 34 known cases have survived. A case which exhibited the findings 
characteristic of cerebral mucormycosis is presented. 
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NEURO-OPHTHALMOLOGY 


THE NON-SPECIFICITY OF THE INTRATHECAL REACTION 
TO TUBERCULIN IN MULTIPLE SCLEROSIS 


JOHN MARSHALL AND FRANcIS O’GRADY 
London, England 
J. Neurol. Neurosurg. Psychiat., 1959, 22: 227-284 


Observations of clinical improvement associated with fluctuations in cellular 
and protein content of the cerebrospinal fluid of patients with tubercular men- 
. ingitis led Vollum, Taylor, and Taylor to try intrathecal injection of a purified 
protein derivative of tuberculin (P.P.D.) as treatment. The injection of P.P.D. 
produced characteristic changes in the cellular and protein content of the cere- 
brospinal patients. According to Swithin, Smith, and Vollum, the same changes 
occurred to a lesser degree in Mantoux-positive, but not in Mantoux-negative, 
psychotic patients. In these studies the sensitivity of the skin and of the meninges 
to P.P.D. seemed correlated. 

The response of patients with multiple sclerosis is different from that of the 
psychotics., according to Smith and his associates. They concluded that normal 
immunologic processes were disturbed in multiple sclerosis, and considered that 
intrathecal injection of P.P.D. might be beneficial. Because of these observa- 
tions it seemed desirable to learn whether similar responses occurred in other 
neurological diseases. 

We therefore gave injections of P.P.D. to 17 patients with multiple sclerosis, 
9 with motor neurone disease, three with Huntington’s chorea, and three with 
parkinsonism, all of whom were Mantoux-positive. If three examinations of 
cerebrospinal fluid did not show reaction, a second injection was given a week 
after the first. With experience we increased the first dose. 

Clinically, the patients reacted with headache, neck stiffness, fever, vomiting, 
and often with drowsiness. These were always present when the injection affected 
the cerebrospinal fluid. Two types of reaction were observed in the cerebrospinal 
fluid: (1) a slow, steady rise in the levels of cells and protein; (2) a peak in cells 
and protein within 48 hours, followed by a plateau or a second wave which 
reached a high level between the 3rd and the 7th day. The type of cell did not 
appear to be a criterion. 

The incidence of these reactions did not differ in the four neurologic diseases 
tested. Certainly no response was found that could be considered specific for 
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multiple sclerosis. Skin tests made at the time of injection corroborated obser- 
vations made by Smith and his associates. 

While the responses of these patients with neurologic disease do not seem to 
differ, they do not seem the same as the responses of psychotic patients as 
described in the literature. Comparison, however, does not seem to be very 
conclusive. 

No decision can be made as yet regarding the usefulness of P.P.D. in treating 
multiple sclerosis. Reactions may be acute with exacerbation of the neurological 
symptoms. In patients with parkinsonism reactions were acute enough to dis- 
courage repetition of injections. 


Comment: This article is of little importance to ophthalmology although it does point 
out the response of the cerebrospinal fluid to the intrathecal injection of tuberculin in 
multiple sclerosis, motor neuron disease, parkinsonism and Huntingdon’s chorea. Two 
types of response were elicited and both types of response were encountered in each of 
the four neurologic diseases described. The response to intrathecal tuberculin in multiple 
sclerosis is not therefore specific to this disease. 


Tuomas R. Henpaes, Jr. 


THE SEASONAL INCIDENCE OF ONSET AND EXACERBA- 
TIONS IN MULTIPLE SCLEROSIS 


Kurt ScHAPIRA 
Newcastle on Tyne, England 
J. Neurol. Neurosurg. Psychiat., 1959, 22: 285-286 


It is an established fact that multiple sclerosis is commonest in the northern 
part of the northern hemisphere, but the reasons for high incidence in the cold 
climates are not known. We have no reliable evidence that the high incidence 
of respiratory and vasospastic diseases in these regions either is or is not related 
to the high incidence of multiple sclerosis. 

Therefore the case histories of patients from northern England with multiple 
sclerosis were analyzed with a view to discovering possible seasonal variations 
in onset of exacerbation of the disease. Limberg in 1950 discussed the difficulty 
of evaluating seasonal variations on the basis of mortality and morbidity stat- 
istics and suggested study of clinical records for this purpose. Hopkins and 
Swank noticed only a variation with daily temperature, but no monthly variation 
in symptoms. 

Usually the actual onset of symptoms cannot be accurately dated, and symp- 
toms may be somewhat variably related to the initiation, reactivation, or 
exacerbation of pathologic lesions. Nonetheless, onset of symptoms and acute 
exacerbations of disease presumably indicate some pathologic activation of 
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multiple sclerosis. The disease may, of course, progress insidiously, but these 
cases have not been included in the study. 

From 700 cases, 514 were found which gave the requisite information. In 
246 the onset of symptoms was clearly dated, and in 268 the time of acute 
exacerbations was clearly identified. The monthly variations in onset and in 
exacerbation were charted. 

Little statistical correlation was found with the months of the year and the 
incidence of initial symptoms. More exacerbations occurred in July than in any 
other single month, but the increase was balanced by decreased incidence in 
June and August. 

Finally, seasonal incidence was studied by analyzing the cases as they occurred 
over 3-month periods. No change in either onset or exacerbation of the disease 
was disclosed. It seems that multiple sclerosis does not vary statistically in 
either onset or in exacerbation according to the time of year. 


Comment: Epidemiologically this paper is of importance in ascertaining the influence 
of environment on the demyelinating diseases. It would appear that seasonal influences 
are not of importance. 


Tuomas R. Hepoggs, Jr. 


THE STUDY OF CHOLINESTERASE-ACTIVITY IN MYASTHENIA 
OCULARIS (THE EFFECT OF PROSTIGMIN, D.F.P. AND 
PAROTIS HORMONE) 


Micuio SAKANOUE 


Department of Ophthalmology, School of Medicine, Keio University, 
Keio, Japan 


Keio J. Med., 1959, 8: 71-79 


The most prominent feature of myasthenia ocularis is a weakness of the 
superior palpebral muscle; ptosis is produced rapidly on exertion, disappears 
with rest and is most noticeable at the end of the day. Its etiology is still un- 
known. 

Chemical examination reveals no significant disturbance of glucose, calcium, 
phosphorus, creatine or creatine metabolism, although in common with most 
muscular disorders, creatinuria may be present in myasthenia. There is evidence 
that the muscle potassium is increased and that it returns to normal when 
myasthenic symptoms, such as ptosis, are relieved by injection of an anti- 
cholinesterase substance. 

The view that the functional disorder responsible for myasthenia is at the 
myoneural junction has received confirmation from observations made with 
physostigmine and neostigmine (Prostigmin). 
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It is believed that the normal transmission of impulses from the motor nerve 
endings depends upon liberation of acetylcholine at the end plate. The failure of 
innervation in myasthenia might therefore be due to the inadequate liberation of 
acetylcholine, or to its premature or excessive destruction by cholinesterase. 

By means of Michel’s electrometric method the author tested the cholinester- 
ase activity in the red blood cells and plasma of 10 cases of myasthenia ocu- 
laris before and after administration of Prostigmin, D.F.P. and parotis hormone 
(Parotin). By this method the acid produced by the action of cholinesterase on 
an acetylcholine is measured in terms of the change in pH in standard Veronal 
buffer solution over the period of 1 hour. 

The serum cholinesterase activity in all these patients was greater than 
normal, the mean being 0.81 as compared to the normal range of 0.70 to 0.78. 
The mean red cell cholinesterase activity (0.78) was near the upper level of the 
normal range. 

Administration of Prostigmin reduced the cholinesterase activity of the serum 
markedly (by 0.15 to 0.39) and that of the red cells slightly. The palpebral 
aperture was enlarged by from 1 to 5 mm. 

After administration of 1 mg. of D.F.P. daily for3 days the cholinesterase 
activity in the serum was reduced 50 to 60 per cent and that of the red cells 
slightly. There was no change in the palpebral aperture. 

Four days later Parotin was injected subcutaneously, 3 mg. every other day 
for a total of 9 mg. After 3 mg. the serum cholinesterase activity was increased 
by 40 per cent and after 6 mg., 80 per cent above that obtained after adminis- 
tration of D.F.P. After 2 weeks the values still remained higher than those 
observed before administration of D.F.P. Clinical improvement was manifested 
by enlargement of the palpebral aperture by about 4 mm. on the average. 

The author concludes that the defect in myasthenia ocularis may be due to 
a decreased formation of acetylcholine at the myoneural junction, the existence 
of some abnormal substance which has a curare-like action in the blood (that 
is, a destructive action for acetylcholine synthesis) and also due to a relative 
decrease of cholinacetylase. 


Comment: The author has reviewed the various theories which have been proposed as 
the basis for myasthenia gravis. He has confirmed data which has been presented in the 
literature that systemic D.F.P. does not have the same beneficial effect on ocular my- 
asthenia as Prostigmin. The exact reason for this has not been clarified by the present 
study. There are many differences between the activity of the organophosphorus com- 
pound, D.F.P. and the quaternary nitrogen, urethane-containing anticholinesterase agent 
such as Prostigmin. D.F.P. tends to tie up nonspecific cholinesterase more than specific 
cholinesterase and Prostigmin has an affinity for the specific cholinesterase over that of 
the nonspecific. Prostigmin has also been shown by Riker and Wescoe to have some direct 
activity on the effector organ. D.F.P. forms a firmer union with the cholinesterase than 
does Prostigmin and its effect in myasthenia is more prolonged than that of Prostigmin, 
if not as clinically dramatic. It is possible that an agent such as BC-48 which consists of 
2 neostigmine units combined by a polymethylene chain might have many of the char- 
acteristics of Prostigmin and, because it forms a more prolonged union with cholin- 
esterase, produces a greater duration of beneficial clinical effect in myasthenia gravis. 

Irvine H. Leoroitp 
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NEUROPHYSIOLOGY 


THE EFFECT OF ELECTRICAL STIMULATION OF THE HYPOTHAL- 
AMUS ON THE TISSUE RESPIRATION OF THE IRIDOCILIARY 
BODY AND ON THE PROTEIN CONTENT IN AQUEOUS HUMOR 


Arko FUKASAWA 


Department of Ophthalmology, School of Medicine, Kanazawa 
University, Kanazawa, Japan 


Japanese J. Ophth., 1958, 2: 201-206 


Recent studies seem to show that the sympathetic and parasympathetic 
centers exist in the hypothalamus as a whole. Kurotsu and his associates re- 
ported (1951) that there were three kinds of areas—the a-parasypathetic, 
b-sympathetic, and c-parasympathetic zones. According to his report, the rise 
of the intraocular pressure, the increase of the protein in the aqueous humor, 
the increase of the transfer of uranin, and the histologic changes in the irido- 
ciliary body were shown by electrical stimulation of Kurotsu’s b-sympathetic 
zone. 

The present studies, which were designed to show the effect of electrical 
stimulation of Kurotsu’s c-parasympathetic and b-sympathetic zones of rabbits 
on the tissue respiration of the iridociliary body and the protein content in the 
aqueous humor, produced the following results: (1) After stimulation of the 
sympathetic zone, QO:z of the iridociliary body decreased 30 per cent in 2 hours 
and recovered in 6 hours or so. No remarkable change was shown in Qy’, but 
Qa’ showed a decrease of about 20 per cent in 1 or 2 hours after stimulation. 
(2) After stimulation of the parasympathetic zone, QO: of the iridociliary body 
showed an 8 per cent decrease in 1 hour, but no remarkable change was seen 
in either Q¥? or Qy’. (3) With stimulation of the sympathetic zone, the total 
nitrogen content in the aqueous humor showed a value 2.2 times the normal in 
1 hour; in 6 hours, it had almost recovered. (4) With stimulation of the sym- 
pathetic zone, the protein nitrogen content increased to 7.4 times the normal 
value in 2 hours; in 6 hours, it was 1.6 times greater than normal. (5) With 
stimulation of the parasympathetic zone, the protein nitrogen content became 
1.5 times greater than the normal value in 2 hours and 1.3 times greater in 6 
hours. Nonprotein nitrogen, on the other hand, showed a slight decrease. (6) 
Histologically, hyperemia and edema were seen in the iridociliary body after 
stimulation of the sympathetic zone, whereas stimulation of the parasympathetic 
zone caused no notable change in its histologic structure. 


Comment: This paper is a biochemical contribution to the extensive literature on central 
nervous system control of aqueous humor dynamics. The author makes no comment as 
to the possible significance of his results except to point out that tissue metabolism is 
very sensitive to cellular structure. Thus, sympathetic stimulation, which produced 
significant hyperemia and edema, especially in the ciliary processes, resulted in rather 
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large decreases in rates of respiration and glycolysis (QQ?). The alterations in these 
functions produced by parasympathetic stimulation were relatively insignificant, as were 
the histologically observable structural changes. 

Other workers have demonstrated quite conclusively that the intraocular changes 
produced by stimulation of the sympathetic zone of the hypothalamus are mediated by 
systemic adrenaline, and it might be tempting to conclude that the decreased rate of 
metabolism found by Takasawa is directly effected by adrenaline, but the crucial ex- 
periment, which would be an examination of the effect of adrenaline on the respiration 
and glycolysis of ciliary body in vitro, appears never to have been done. We are left, 
therefore, with the probable conclusion that the observed changes in metabolic activity 
are simply symptoms of the altered state of the tissue. 

G. Winston BarBER 





RETINA 


VISUAL DISTURBANCES WITH ANTIMALARIAL DRUGS, WITH 
PARTICULAR REFERENCE TO CHLOROQUINE KERATOPATHY 


H. E. Hopss anp C. D. CALNAN 
The Royal Free Hospital, London, England 
A.M.A. Arch. Dermat., 1959, 80: 557-563 


Two distinct types of corneal reaction have apparently been noted in response 
to antimalarial drugs. The first, reported by Ida Mann in 1947, is associated with 
a gradual deposit of opaque substance in the superficial layers of the cornea. 
The second is a more acute congestive reaction resulting in edema as seen by 
Reese and by Chamberlain and Boles in small numbers of airmen taking quin- 
acrine (Atabrine) as an antimalarial in suppressive doses. Corneal changes of 
this second type arise as a toxic reaction in susceptible patients, and the blurring 
of vision that accompanies them, though serious, is transient. 

The present report deals with changes of the first type, a preliminary descrip- 
tion of which was given by the authors in 1958. After identifying the changes in 
their first patient, a woman doctor who was taking chloroquine for actinic 
dermatitis and who had noticed a slight blurring of vision and the appearance 
at night of colored haloes around car headlights, the authors were interested in 
discovering whether her case was an isolated example or if the condition arose 
frequently in association with chloroquine administration. 

Some 30 patients to whom chloroquine was being administered in varying 
dosage and on different indications have now been examined and 22 have been 
found to have corneal changes. Slit-lamp examination revealed several types of 
change: in 9 the fine white dots and subpupillary line seen in the original case 
were apparent at the first examination; 6 showed the widespread white dots in 
the epithelium presenting the appearance of being aggregated into curved lines, 
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concave upward and downward, their apices merging into denser lines just 
below the pupil, rather like lines of force in a magnetic field; and in 7 there 
appeared simply a fine nummular stippling in the epithelium. This last seems 
to be the early stage of the keratopathy, since it was seen to progress to the 
second type of change in two cases examined after a period of treatment and 
in a further case this change has been seen to progress to the complete picture 
with yellowish pigmentation of the subpupillary line. In addition, there have 
been three cases in which this fully developed change was seen to regress after 
the cessation of treatment, with complete absorption of deposits in two of them. 

The gradual evolution of these changes during chloroquine treatment and the 
more gradual recession seen in some cases when treatment was discontinued 
make it fairly certain that they arise as the result of the administration of the 
drug. The time needed for their evolution and the relationship to the dosage 
used are still uncertain, partly because regular observation of all of these pa- 
tients, drawn from a wide area, has not been possible, but also, no doubt, be- 
cause individual reactions to the drug vary so widely. 

What the nature of the deposit is, what chemical radicle is responsible for its 
production, and how it reaches the corneal epithelium and remains largely 
confined to it are matters for further study. The duration of the changes and 
their possible permanent effect upon vision is as yet uncertain: the earliest 
changes have been seen after a period of some 3 weeks’ administration of chloro- 
quine in a dosage of 300 mg. daily and the longest period for which corneal 
changes have been seen to persist after discontinuance of the drug is, so far, two 
years. Reduction of vision has been seen in only one of the cases studied, but it 
is clearly not possible to assume that permanent interference with vision does 
not occur, more especially if treatment must be prolonged. 

In an addendum, the authors state that observations made since the prepara- 
tion of this report have confirmed the presence of corneal changes in a large 
proportion of patients under treatment with these antimalarial compounds in 
high dosage. They indicate also that additional retinal changes are to be ex- 
pected, some of which produce more serious permanent visual results. 


(See editorial comments following next paper.) 


RETINOPATHY FOLLOWING CHLOROQUINE THERAPY 


H. E. Hosss, A. Sorsspy, AND A. FREEDMAN 
London, England 
Lancet, 1959, 2: 478-480 
Synthetic antimalarial drugs have become valuable therapeutic agents in 


certain chronic diseases since Page (1951) noted the beneficial effect of mepacrine 
in lupus erythematosus. Long-continued use of mepacrine, however, discolors 
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the skin and has been known to cause aplastic anemia. Moreover, retinal changes 
and defects of the central visual fields have been found to be related to high 
blood-mepacrine levels. Accordingly some other antimalarial drugs have lately 
been preferred, among which the chloroquine compounds, since they were the 
first developed, have had the longest trial. 

In the doses used to suppress or treat malaria, the toxic effects of chloroquine 
and its derivatives are only minor and have not impaired their usefulness. In 
both lupus erythematosus and rheumatoid arthritis, however, the effective dose 
not only commonly exceeds that used for malaria, but the drug is also given for 
much longer periods. It is, therefore, not surprising that tox’ > effects have been 
reported in patients so treated. Ill-defined subjective disturbances of vision, 
for example, were observed early. A more specific and lasting disturbance, 
produced by corneal deposits, was noted by Hobbs and Calnan in 1958, and its 
existence has since been confirmed in a number of clinics. These corneal deposits 
are not yet known to cause serious permanent visual defect. 

Recently, changes of a much graver character, with visual damage which, in 
some cases at least, is evidently irreversible have been observed by the authors 
in patients under treatment with chloroquine compounds for lupus erythematosus 
and rheumatoid arthritis. The fundus appearance in the first case, that of a 
58-year-old clerk with discoid lupus erythematosus, was obviously that of a 
form of retinitis pigmentosa, atypical in the actual appearance of the pigment, 
showing no aggregation around the vessels and evidently acquired. The con- 
dition in the second patient, a 60-year-old woman with rheumatoid arthritis, 
was less serious, but this second association of narrowed retinal vessels, macular 
lesions, and scotomatous vision with chloroquine treatment made it more likely 
that the condition was iatrogenic. Further evidence of this association was found 
in case 3, that of a 66-year-old woman with arthritic symptoms. From the ab- 
sence of pigmentary retinal changes, the condition appeared to be of intermediate 
severity, although the extension of the field defect to the fixation point in the 
right eye had resulted in greater loss of central vision. 

The important common features of the ocular disturbance in these cases are 
the macular lesions and narrowed retinal vessels, and the scotomatous vision 
and field defects to which they give rise. The retinal pigmentation in case 1 
(and in a later case seen by H.E.H.) may well represent a further stage of the 
retinopathy, which begins with narrowing of the arteries and retinal edema, 
and later progresses to pigmentation both peripherally and centrally. It is not 
known whether the lesions are permanent, but their course to date does not 
suggest that spontaneous improvement is likely. 

In these 3 cases the retinal changes described seem to have arisen after, 
respectively, 314, 234, and 3 years’ treatment with chloroquine compounds, and 
their severity shows some correspondence to the dose used. In all, the dosage 
had been between 100 and 600 mg. daily. Withdrawal of the drug has not been 
followed by improvement, so far; but the lesions have ceased to progress. The 
known general effects of chloroquine compounds give little ground for the belief 
that they can provoke a retinal vascular response similar to that seen in the 
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patients. Much the same could be said, however, in respect of quinine, which is 
known to produce comparable retinal damage by a similar mechanism. Idio- 
syncrasy may well play a part in the retinal response to the synthetic anti- 
malarials, as with quinine, for only a small proportion of patients are affected. 

In the absence of less toxic alternatives, it is unlikely that treatment of 
arthritis or lupus erythematosus with antimalarial drugs will be discontinued. 
Nevertheless it appears prudent not to prolong such treatment unnecessarily. 
Courses should perhaps be short, and they should be controlled by periodic 
ophthalmic examination. 


Comment: It appears that chloroquine, when used in doses larger than those usually 
employed to suppress or treat malaria, may bring about not only corneal changes but 
also changes in the retina. The drug has to be continued for months or for years, appar- 
ently, in order to bring about this complication. We should be indebted to Drs. Hobbs, 
Sorsby and Freedman for calling our attention to this potential toxicity of chloroquine 
therapy and should be on the look-out for such findings in patients who are on long-term 
therapy with this agent as well as other synthetic antimalarials. If these careful observa- 
tions of the authors are confirmed, and it seems logical that they shall be, the problem 
of the method by which chloroquine produces these retinal changes still has to be es- 
tablished. Their suggestion that this is a retinal vascular response in particularly suscepti- 
ble individuals is attractive. 


Irvina H. Leorotp 


EXTRAINTESTINAL AMEBIASIS INVOLVING THE MACULA 


Harry EGGers 
New York, New York 


New York J. Med., 1959, 59: 4435-4436 


The term ‘‘central serous choroidosis” is a descriptive designation and not an 
etiologic one. It undoubtedly includes a number of causally unrelated inflam- 
matory entities with only the location in the macula in common. 

Braley and Hamilton (A.M.A. Arch. Ophth., 1957, 58: 1) discovered that 
extraintestinal Entamoeba histolytica infection may involve the macular region 
of the eye. They presented 9 cases, all seen at least several months after the onset 
of visual impairment. They believe that central cystic retinitis, associated with 
amebiasis, represents a direct invasion of the foveal or parafoveal tissues by 
parasites which have been carried to the retina by the blood stream. The major 
involvement seems to be in the retinal pigment epithelium with the choroid 
affected very little. 

The over-all rate of infestation with Entamoeba histolytica parasites in the 
United States is believed to be about 10 per cent with considerable geographic 
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variation. In the tropics the rate often exceeds 50 per cent. Most cases of amebi- 
asis are asymptomatic. 

The author presents a case with complaint of progressive impairment of 
central vision, which on examination revealed a pronounced, oval edematous 
swelling in the macular region of the left eye. A therapeutic test was tried. 
Chloroquine phosphate 250 mg. was prescribed four times a day for 2 days, 
thereafter 250 mg. twice a day; and tetracycline 250 mg., combined with 250,- 
000 units nystatin (Mysteclin) 2 capsules initially, then 1 capsule four times a 
day. 

The therapeutic response was dramatic and prompt with this systemically 
relatively harmless treatment. This is not to say by any means that all cases of 
macular edema are caused by Entamoeba histolytica infection; but where this is 
the case, specific therapy is indicated. 


Comment: Any contribution to clarify the undoubtedly very diverse pathogenesis of 
the central serous (or hemorrhagic) chorioretinopathies or chorioidiopathies must be 
welcomed; gradually one subgroup after another, such as predominently allergic, pre- 
dominently psychosomatic, or toxic, or even infectious, may become more sharply defined 
and thus more amenable to therapy. 

The subgroup pointed out by Braley and Hamilton, in which anti-amebic treatment 
brought about striking improvement, may well be what they thought, 7.e. a direct in- 
vasion by Entameba histolytica. It is, however, also possible that some other than the 
antiparasitic properties of the chloroquine compounds, which have recently been pointed 
out, exert the beneficial effect. 

Some of these nonspecific effects are an increase in velocity of the peripheral circulation 
and in general a desludging effect and thus a decrease in thrombotic and embolic phe- 
nomena (J.A.M.A., 172/15:1630, 1960). 

BerTHA KLIEN 


A CONTRIBUTION TOWARD THE STANDARDIZATION OF 
CLINICAL ELECTRORETINOGRAPHIC EQUIPMENT 


JerRRY Hart JACOBSON AND Gipon F. GEsTRING 


Department of Electrophysiology, New York Eye and Ear Infirmary, 
New York, New York 


Am. J. Ophth., 1959, 48: 517-528 


One of the problems confronting the investigator in the field of electroreti- 
nography is the difficulty in correlating his findings with those obtained in other 
laboratories. The elimination of this difficulty is one of the aims of the new 
International Society for Clinical Electroretinography, recently formed. 

The amplitude and conformation of the electroretinogram recorded from a 
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particular individual depends upon a variety of factors, including characteristics 
of the stimulating light, characteristics of the recording system, and character- 
istics of the patient. While each laboratory has established a set of operating 
conditions allowing comparisons, problems due to varying conditions arise when 
comparing results obtained in several laboratories. In order to aid toward stand- 
ardization of testing conditions, an instrument was devised and built by the 
authors that is accurate, relatively inexpensive to construct and maintain, with 
components easily available and simple to operate. 

The patient is positioned upon a stretcher within a shielded chamber, with a 
contact lens electrode in each eye. The electrodes lead, by way of two fuses, to 
the input box of the amplifying system. The input box consists of a relay-actuated 
switching device. The relay controlling the selection of eye is driven by a battery, 
in common with all the equipment within the shield, to eliminate AC artifact. 
The preamplifier and its batteries are mounted beneath the patient on the 
stretcher. The last stage of this preamplifier is a cathode follower output, allow- 
ing the use of a shielded low impedance cable to lead to the oscilloscope, which 
is situated outside of the shielded chamber. A single beam oscilloscope will serve 
perfectly well for recording. Mounted above the oscilloscope and its recording 
camera is a programming device. The use of light stimuli and background illu- 
mination of a variety of spectral compositions, or what the authors have called 
“spectro-differential electroretinography,”’ is of great importance. 

As a separate device to aid in the standardization of a recording technique, a 
small simulator was produced, essentially a revolving wheel which interrupts 
the light falling upon a photoelectric cell. 


Comment: This paper was presented at the annual meeting of the Association for 
Research in Ophthalmology in 1959 and those of us present will probably always remem- 
ber the interesting and animated discussion that followed. Too often nowadays discus- 
sions are sterile and discussants add nothing but perfunctory complimentary remarks. 
Even in the conduct of our scientific meetings we became formalists and much too civilized 
and instances in which a discusser will voice and elaborate a dissent have became a rarity. 

There is, of course, also some advantage to our being civilized and the personalized 
acrimoniousness which in bygone days tainted scientific discussion is, thank heavens, 
also a matter of the past. 

Among the discussions to this paper, that of Burian stood out with its elegance and 
maximal good taste in spite of fundamental disagreements and I think the readers of this 
magazine will be best served if I quote some of the highlights of Burian’s discussion, at 
least the points that deal with principles and problems rather than with details. I have 
to do this without comment since I have not much personal experience about the techni- 
calities of the electroretinographic procedure and can hardly be expected to judge whether 
or not fuses are necessary or advantageous to protect the patient, whether stroboscopic 
light sources have more advantages than disadvantages, or whether oscillographic re- 
cording is essential. In neither of these points did Burian agree with the authors of this 
paper. Nor did he believe that the artificial electroretinogram-simulator is more than a 
very ingenious device. Here are the quotations: 

“The problem of standardization is not a new one. It has been considered by a number 
of workers, but usually from the wrong point of view. The wonderful advances in elec- 
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tronic engineering should not excite us to the extent that we forget that equipment is the 
servant of procedure. The trend is first to acquire gadgetry and then to develop a pro- 
cedure which utilizes the equipment. 

“Our choice of equipment should be determined by the goals of the electroretinogram 
test. Based on one’s knowledge of retinal physiology and electrophysiology one should 
first ask oneself the question: what is a reliable, sensitive and valid procedure which will 
give in the shortest possible time maximum information about the type and degree of 
abnormality of the electric response of the retina of a patient. Then one should proceed 
and build one’s equipment around the answer obtained. ... Dr. Jacobson believes that 
he obtains this maximum information by relying primarily on his ‘spectro-differential 
electroretinography.’ This assumption may be questioned. For example, his program 
does not allow for sampling the progress of dark adaptation, for repetitive stimulation 
or for any stress test. Most important, it does not include a period of pre-adaptation to a 
standardized light. ...The influence of pre-adaptation on the electroretinogram is very 
considerable, at least during the first 18 to 20 minutes of dark adaptation. We insist, 
therefore, that a standardized preadaptation treatment of all eyes is essential in a stand- 
ardized procedure. ...The choice of equipment should be justified by the procedure, 
not vice versa.” 

Breinin, the first discusser of the paper and another outstanding authority on the 
subject, was, by the way, also quite critical of some of the technical points. And he also 
had some doubts about the “more basic problem, the question of standardization and 
automatic programming.” A few sentences of his discussion will also be worth quoting: 

“With respect to automatic programming in general, does it not introduce rigidity 
into the experimental protocol, tending to hamper rather than further the progress of 
clinical electroretinography? Perhaps a variety of protocols would introduce a suitable 
flexibility. ... The authors point out the interaction of the program test situations. This 
seems a serious problem in extracting meaningful data. In their protocol they obtained 
one trace every 3 seconds which obviously altered the state of the receptive apparatus. . . . 
One may seriously question the meaningfulness of automatic programmed systems, one 
may definitely question the convenience, and one may certainly question the economy. 
Nevertheless, the authors have struck a significant and praiseworthy note in bringing to 
our attention the problem of variability of clinical electroretinographic testing and the 
search for standardization.” 

We may add here that the variability of testing conditions is indeed a problem and 
search for standardization is probably not entirely unjustified. I very well remember the 
presentation of another paper (in my estimation, one of the most outstanding papers 
ever presented on electroretinography) by Auerbach and Burian, also at one of the annual 
meetings of the same organization (it was in 1955 or thereabouts) in which we were shown 
the development of a “b-wave” during dark adaptation from a hump on the photopic 
positive deflection. We were then shown how under special circumstances another positive 
wave presents itself and we were told that this late positive wave is actually the defiection 
that some previous authors earmarked as the “b-wave” of their records with their experi- 
mental setup. Those of us who are not fully conversant with the pertinent literature and 
are only interested bystanders certainly got confused and I, for one, became convinced 
that there is high time for some standardization of technique, and especially nomencla- 
ture. The necessity of such standardization is certainly well brought out through the 
presentation by Jacobson and Gestring. 

The reader should not be left with the impression that there was nothing but criticism. 
On the contrary, and this made the discussion even more lively and interesting. 
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Ruedemann, Jr., felt that ‘““Dr. Jacobson should be complimented for his attempt to 
bring some rationality to a field that has been flying around in many directions ever since 
Dewar planted some clay around an eye . . . and took an electroretinogram.”’ He approved 
of ‘‘a definite program in order to reproduce time and again a similar pattern of electro- 
retinographic response. ... We do use strict adherence to a protocol which has a time 
factor figured. . . . Our results do give us reproducible techniques and reproducible findings 
over a period of time which can be used to compare cases.” 

ARTHUR LINKSz 


RETINAL HEMORRHAGES IN SEVERE ANEMIAS: THEIR 
DIAGNOSTIC SIGNIFICANCE 


J. E. Cosnetr anv I. N. Macteop 


Edendale Hospital, Pietermaritzburg, and King Edward VIII Hospital, 
Durban, Union of South Africa 


Brit. M. J., 1959, Nov., 1002 


Severe megaloblastic and iron-deficiency anemias are common among Natal 
Indians. During an analysis of 74 cases of severe anemia among them the retinal 
appearances were studied in relation to the type and severity of the anemia. 
The authors’ experience led them to believe that in certain severe anemias retinal 
hemorrhages have greater diagnostic significance than the literature suggests. 
Among 23 patients with megaloblastic anemias only one had no retinal changes. 
On the other hand, in the group of 53 cases with normoblastic anemias only 
four showed retinal changes. Patients in the megaloblastic group tended to 
present with more severe anemias than those in the normoblastic group. The 
two most severe anemias of all were, however, of the iron-deficiency type asso- 
ciated with hookworm infestation. Neither showed any retinal change apart 
from pallor. 

Retinal changes in severe anemias have usually been ascribed to deficient 
oxygenation consequent on low hemoglobin. Few authors have suggested that 
they might be significant in the differential diagnosis of anemia. The present 
study suggests that retinal hemorrhages are much more frequent and extensive 
in megaloblastic anemias and thrombocytopenic conditions than in anemias due 
to blood loss or iron deficiency. It appears that retinal changes are not solely 
dependent on deficient oxygenation or low Hb levels. Among the factors which 
may contribute to these changes is thrombocytopenia. In 15 of the cases of 
megaloblastic anemia the pathologists gave an unsolicited report that platelets 
were decreased in the peripheral blood. It was found, however, that some patients 
with megaloblastic anemias and retinal hemorrhages may have platelet counts 
of over 90,000 per cu. mm. Reports of deficient platelets appear only twice in 
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the other group of patients. In both these patients the thrombocytopenia was 
definitely established and retinal changes were marked. 

Though these observations have been mentioned previously, it is felt that 
their value has not been sufficiently emphasized. They are diagnostically useful 
in communities where severe anemias of these types are prevalent. 

Some of the hemorrhages in megaloblastic anemias have pale yellow centers 
very similar to those which occur characteristically in leukemia. In leukemia 
this is said to be due to central aggregation of leukocytes within the hemorrhagic 
area. A similar change occurring in megaloblastic anemias appears to depend on 
the proportion of white cells to red cells. In megaloblastic anemia due to the 
low red-cell count this proportion is usually greater than normal, though not as 
great as in leukemia. 


Comment: Some of the differential diagnostic points in severe anemias brought out by 
the authors’ study deserve emphasis indeed: First, that abundant retinal hemorrhages 
in anemia are usually indicative of a megaloblastic type or of marked associated thrombo- 
cytopenia rather than of the degree of anemia as expressed by the Hb level; second, that 
hemorrhages with white centers may be produced by a disturbed proportion of white 
cells and red cells. This would explain why they are encountered in leukemia as well as 
in megaloblastic anemias but not in the hypochromic anemias and those from loss of 
blood. 


BerTHA KLiIEN 


LES SIGNES OPHTALMOLOGIQUES DE 
L’ATHEROSCLEROSE 


THE OPHTHALMOLOGICAL SIGNS OF 
ATHEROSCLEROSIS 


M. Léopoip 
Ophthalmological School of Lyon, Lyon, France 
J. méd. Lyon, 1959, No. 950: 683-691 


The ocular signs of atherosclerosis appear principally in the fundus where 
modifications of the arteries, veins, tensions of the central retinal artery and 
points of arteriovenous intersections can be observed. The lesions are generally 
bilateral but not necessarily symmetrical. 

The retina appears abnormally transparent, thinner and more friable and the 
choroid plexus becomes visible. Changes appearing over the years indicate the 
slow work of the vessels to adapt. 

As the measure of the tension of the central artery of the retina is in fact that 
of the ophthalmic artery, its reduction in the atherosclerotic signifies danger of 
encephalic ischemia and softening of the brain. 
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Upstream from the arteriovenous intersections new veins (substitute circula- 
tion), or a small white exudative halo, or a small striated hemorrhage may 
appear as signs of prethrombosis. They are manifestations of poor circulation 
but do not lead to thrombosis. 

The disk-shaped type of macular degeneration (senile macular exudative 
retinitis of Danis and Coppez) is generally bilateral, can assume an inflammatory 
character and thus simulate choroiditis or a melanoma. The Haab type is less 
exudative and the pigmentary migration occurs later. The cystic, or pseudo- 
excavation type, is difficult to distinguish from the true excavation of the macula. 
Although it frequently appears in atherosclerotic vascular degeneration it may 
occur also in other conditions, particularly in the sequellae of circulatory distur- 
bances after injury to the posterior pole of the eye. 

In the choroid, the obliteration of one “mesh” of the network appears as an 
almost white, quite large sinuous ribbon. The complete obliteration of an arterial 
or veinous territory is manifested by whitish yellow, polycyclic, often clearly 
circumscribed regions of choroid atrophy. When vascular obliteration is pro- 
duced at the border of the papilla, the atrophic image resembles the focus of 
Jensen’s juxtapapillary choroiditis. Sometimes the papilla itself becomes atro- 
phied. The pallor in the temporal sector increases and spreads to the entire 
optic disk. When the atrophy is accompanied by an excavation the aspect is 
that of glaucoma, the deficit of the visual field is also typical of glaucoma, but 
the ocular tonus is normal. 

In acute optic neuritis of vasculae origin the initial papillary edema is absorbed 
rapidly and in about 3 weeks the resulting papillary pallor has assumed the 
aspect of an optic atrophy comparable to that caused by occlusion of the central 
artery. Not rarely, the other eye is attacked within several months. The asso- 
ciation of papilledema in one eye and optic atrophy in the other then resembles 
the Foster-Kennedy syndrome. Obliteration of the arterioles of the retrobulbar 
part of the optic nerve is incriminated. 

Binasal and altitudinal hemianopsis due to the degeneration of the optic 
fibers seems to be caused by initial sclerosis and ultimate obliteration of the 
small vessels which nourish the temporal centers of the chiasma. 

The association of vascular optic atrophy in atherosclerosis with pyramidal 
signs on the opposite side (alternate opticopyramidal syndrome) is due anatomi- 
cally to thrombosis of the internal carotid artery with ischmia in the ophthalmic 
and Sylvian regions. The difference between the tension of the central artery of 
the retinas of the two eyes is of diagnostic value. 

With regard to the anterior segment, subconjunctival hemorrhages in athero- 
sclerotics have no prognostic value. They indicate merely that the conjunctiva 
is abnormally fragile. 

Cataract is common in atherosclerosis. The metabolic disturbance of the 
crystallines is undoubtedly related to the vascular modifications. 

The frequent association of chronic glaucoma and atherosclerosis might be 
explained by a relationship between the diminution of the permeability of the 
corneoscleral trabecula and disturbance of lipid metabolism and atherosclerosis. 
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Atrophy of the iris in old atherosclerotics is in direct relation to the vascular 
modifications at this level. 


Comment: This article contains a competent discussion of the signs and complications 
of arteriosclerosis in retina, choroid, optic nerve and the anterior segment of the eye by a 
member of the ophthalmologic School of Lyon which has long been famous for its pro- 
ductive interest in vascular diseases of the eye. 

Particularly interesting is the part concerning vascular disease of the optic nerve, 
knowledge of which is of greatest importance in the differential diagnosis of papilledema, 
papillitis, and the optic atrophies. 

Like Igersheimer in a recent article (Am. J. Ophth., 47: 767, 1959) the author points 
out that the picture of papillitis or papilledema due to a vascular disturbance may undergo 
a surprisingly rapid transformation into that of a total or more often segmental primary 
optic atrophy. It is also not uncommon to have a similar condition develop in the other 
eye so that at one stage of the bilateral involvement one may be confronted with a Foster- 
Kennedy syndrome, which in that case would only simulate a tumor of the anterior 
cranial fossa. 


BerTHa KLIEN 





THERAPEUTICS 
THERAPY OF MYCOTIC INFECTIONS 


FrepeERIcK Reiss, LEONARD V. KORNBLEE, AND MAry ELKIN 


Department of Dermatology and Syphilology of the New York University 
Post-Graduate Medical School and the Service of Dermatology and 
Syphilology of Bellevue Hospital, New York, New York 


New York J. Med., 1959, 59: 4202-4211 


The constant search for antimycotic remedies is indicative of the fact that the 
therapy of most fungal infections is still far from satisfactory. The long-chained 
fatty acids are adequate in the treatment of some infections of the glabrous skin. 
The therapeutic response, however, is not satisfactory in tinea capitis caused by 
Microsporum audouini or the large-spored endothrix group or in the onychomy- 
coses. Consequently, in treating persistent cases, it becomes necessary to return 
to older, time-honored remedies, such as Whitfield’s ointment, iodine tincture, 
Arning’s tincture, ammoniated mercury, Castellani’s tincture, and chrysarobin. 

The onychomycoses and cutaneous mycotic infections treated by the authors 
during the years 1956 to 1958 fell into two classes: superficial fungal infections 
and the far more serious deep or systemic fungal infections. Tinea capitis was 
the principal superficial fungal infection, occurring in 117 patients; Microsporum 
audouini was isolated from 86 of these patients. In the patients who failed to 
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respond to local antifungal agents after months of constant application, roentgen- 
ray epilation was required to effect a cure in 45. The local agents used were 
effective in some cases when applied alone; in others, drugs in various combina- 
tions were applied either simultaneously or alternately. Microsporum lanosum 
(canis) was isolated from 19 cases of tinea capitis, which represents 16.9 per 
cent of the total number of cases. The same local remedial agents that were 
used for the Microsporum audouini infections were most effective in this group. 
Trichophyton tonsurans was isolated from 9 cases of ringworm of the scalp (7.7 
per cent of the total). The combination of 1 to 3 per cent podophyllin and 3 to 
5 per cent ammoniated mercury was the most effective therapy in this group: 
8 patients responded to it within 8 months. The 9th patient improved but was 
not cured with zine undecylenate therapy. Trichophyton violaceum was isolated 
from 3 cases of tinea capitis (2.5 per cent of the total). 

Mycotic infections of the glabrous skin, including tinea corporis, tinea pedis, 
tinea cruris, and tinea versicolor, but excluding candidiasis, were found in 66 
patients. Candidiasis has become more frequent in the last decade, partly as a 
result of the prolonged use of antibiotics and the widespread use of parenter- 
ally and orally administered corticosteroid hormones. Candida albicans was iso- 
lated from 21 patients with clinical manifestations of paronychial inflammation 
and intertrigo. The authors’ experience indicates that nystatin has been a great 
help in the therapy of cutaneous candidiasis. Amphotericin B, given intra- 
venously to patients with disseminated candidiasis, has been highly effective in 
rapidly eradicating the infection. 

Trichophyton rubrum, Trichophyton mentagrophytes, and Candida albicans 
are the fungi isolated from infected nails. The problem of treatment in onychomy- 
cosis has not yet been solved. Many remedies have been used but with all of 
them the prognosis in Trichophyton rubrum infection, which is more destructive 
and more penetrating than that caused by Trichophyton mentagrophytes, is 
poor. 

Deep systemic fungal infections are less frequent on the eastern seaboard than 
they are in the south or west. However, cases of North American blastomycoses 
coccidioidomycoses, and chromoblastomycoses are apparently increasing as 
people travel about the country either for pleasure or in the military service. 
In recent years, the treatment of systemic fungal infections has undergone a 
dramatic change and a hopeful prognosis can now be given in many hitherto 
incurable conditions. Many forms of treatment—penicillin, sulfa drugs, and 
broad-spectrum antibiotics—have been used with varying results in treating 
deep fungal infections. Surgical débridement, drainage, or excision is sometimes 
necessary, and x-ray therapy may be helpful. The recent introduction of am- 
photericin B has proved to be valuable in the treatment of both cutaneous and 
systemic North American blastomycosis, and the same drug seems to be superior 
to any previous therapy used in treating patients with cryptococcosis. Dis- 
seminated coccidioidomycosis has a high mortality rate (50 to 90 per cent) and 
its treatment has in the past been unsatisfactory. Here again amphotericin B 
seems to be promising when used in combination with surgical débridement and 
drainage of abscesses and sinuses. 
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Comment: Interest in ocular fungal infections has increased as the apparent incidence 
of this type of infection in ophthalmology has risen. Therefore, attention must be paid 
to the possible antifungal agents that have been employed in those fields where more 
experience has been available in dealing with fungal infections. At the present time 
amphotericin-B appears to be the compound with the most potential for clearing intra- 
ocular fungal infections. Some of the agents such as mycostatin or nystatin do not pene- 
trate well into the eye when systemically administered, but can be used for external in- 
fections involving the cornea, conjunctiva, and lids as can some of the other agents which 
are used for the treatment of superficial fungal infections of the skin. 

Irvine H. Leopoip 


EXPERIMENTAL APPROACH TO TOPICAL 
ANTIBACTERIAL THERAPY 


E. GRUNBERG AND R. J. ScHNITZER 
Hoffmann-LaRoche, Inc., Nutley, N. J. 


Ann. New York Acad. Sc. 1959, 82: 114-118 


Tests in vitro have led to the discovery of useful local antibiotics. However, 
since the activity of these agents is not the same in vitro and in vivo, they have 
always been of questionable value as tests of the chemotherapy of infectious 
disease. Therefore an in vivo method which is practical for laboratory use is 
desirable. For the present study the authors have selected a method developed 
by Morgenroth and Abrahams, which consists of subcutaneous injection of the 
organism in desired dilution into the abdominal wall of mice, followed immedi- 
ately by infiltration of the area with 10 ml. of graded concentrations of the 
antibacterial agent to be tested. About 24 hours later the animals are killed and 
cultures are taken from the test site. Ten or fewer colonies are considered as 
the end-point of activity, and 50 per cent curative doses are calculated on the 
basis of this observation, using the calculation methods of Reed and Muench. 

By this method, neomycin, bacitracin, polymyxin B, penicillin, nitrofurazone, 
and a new antibacterial agent, triclobisonium chloride, were tested for activity 
against Streptococcus pyogenes, Staphylococcus aureus, and Escherichia coli. The 
results were tabulated showing the number of strains tested, the number of 
resistant strains, and the average 50 per cent curative dose for sensitive strains. 
Triclorbisonium chloride was superior to neomycin in controlling streptococcus 
infection and of equal value in controlling staphylococcus. 


(Please refer to page 46 for editorial comment.) 
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EVALUATION OF TRIBURON ALONE AND WITH 
HYDROCORTISONE FOR TOPICAL THERAPY OF 
DERMATOSES 


SAMUEL M. BLUEFARB 
Northwestern University Medical School, Chicago, Illinois 
Ann. New York Acad. Sc. 1959, 82: 119-123 


One hundred and sixty-one patients, 89 with pyoderma and the rest with 
impetigo, eczema, stasis dermatitis, infectious eczematoid dermatitis, seborrheic 
dermatitis with pyoderma, mycotic infections, and other skin conditions, were 
treated with 0.1 per cent Triburon (triclobisonium chloride) ointment. In most 
cases the infection was of short duration. The ointment was usually applied 
twice, but sometimes three to four times, daily, and treatment ordinarily ex- 
tended over 1 week but sometimes for as long as 4 months. 

A second group, 219 patients with predominately allergic or eczematous 
types of skin disease, was treated with a combination of 0.1 per cent Triburon 
and 0.5 per cent hydrocortisone ointment. The base was the same as in the first 
group and the method and duration of treatment were approximately the same. 

In the first group the lesions were fully relieved in 11.8 per cent, improved in 
69 per cent, and unchanged in 15.5 per cent, and worse in 3.7 per cent. In the 
second group the lesion was cured in 34.7 per cent, improved in 53.9 per cent, 
unchanged in 7.8 per cent, and worse in 3.6 per cent. 

Adverse reactions occurred in 3.6 per cent, but could probably be explained 
by factors other than the medication in all but 8 patients. 


(Please refer to page 46 for editorial comment.) 


CLINICAL STUDIES OF THE EFFECTIVENESS OF A NEW TOPICAL 
ANTIMICROBIAL, TRICLOBISONIUM CHLORIDE 
E. EpELSoN AND E. GRUNBERG 
Division of Health and Welfare, Newark, New Jersey 
A. D. CALABRESE AND T. V. Morton 

Hoffmann-LaRoche, Inc., Nutley, New Jersey 

Ann. New York Acad. Sc., 1959, 82: 124-130 
A new topical antimicrobial agent, triclobisonium chloride, has been found 


effective against Staphlococcus aureus and Streptococcus pyogenes, including 
strains resistant to many antibiotics used alone or in combination. In 223 cases 
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we have used initially compresses of boric acid and saline or Burrow’s solution, 
followed by light applications of triclobisonium chloride ointment three times a 
day, with no adjunctive therapy. Of these cases, 148 had primary bacterial 
infections, including 108 cases of impetigo contagiosa. In this group 85.1 per 
cent were cured and 10.1 per cent improved. Seventy-five patients were treated 
for a variety of secondary infections, of which the largest number (30) had 
tinea capitis. In this group 76 per cent were cured and 10.7 per cent improved. 

An additional 92 cases of injury and infection were treated in an industrial 
plant dispensary. Fifty-one were cases of laceration, abrasion, or avulsion. The 
treatment was approximately the same as in the first group, adjusted as necessary 
for different problems. Eighty-nine of these patients responded favorably. 

Sensitization and irritation were evaluated by the Food and Drug Adminis- 
tration technique on 209 volunteers, and disclosed four persons who had allergic 
reactions to triclobisonium chloride and three with allergic reactions to the 
base. 

Forty-three patients with pyodermas were treated with the same ointment 
to which had been added 0.5 per cent hydrocortisone. The combined ointment 
was found to enhance the effectiveness of treatment, especially in eczematous 
infections. It also accelerated response in inflammatory conditions. 


(Please refer to page 46 for editorial comment.) 


EVALUATION OF A NEW TOPICAL MICROBICIDE IN 
DERMATOLOGICAL PRACTICE 


F. T. Becker anv J. L. Tuura 
Duluth, Minnesota 


Ann. New York Acad. Se., 1959, 82: 131-134 


Triburon (triclobisonium chloride) is a bis-quaternary broad-spectrum topical 
microbicide, not an antibiotic, which appears to be useful in treating the anti- 
biotic-resistant strains. It was used alone in 0.1 per cent concentration or com- 
bined with 0.5 per cent hydrocortisone in an ointment for treating 123 cases of 
dermatoses and primary and secondary infections; 51 had eczema. Cultures 
disclosed Staphylococcus aureus and albus, Pseudomonas, Proteus, 8-hemolytic 
streptococcus, Aerobacter aerogenes, Escherichia coli, Candida albicans, Tricho- 
phyton mentographytes and rubrum. Adjunctive therapy was used in most cases. 

The response was broadly favorable in 93 per cent of patients. Only two did 
not tolerate the ointment. It was less effective than some antibiotics in treating 
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superficial pyoderma, but more effective in controlling secondary infections, 
ulcers, and epidermaphytoses infected by saprophytic coagulase, negative 
staphylococci, Pseudomonas, Proteus vulgaris. It was less effective in managing 
the eczematous process than the secondary infection. Fungus infections responded 
only fairly. Triburon did not appear to hinder healing, but seemed to promote 
it in several cases which had been resistant to previous antibiotic therapy. 


(Please refer to page 46 for editorial comment.) 


TRIBURON IN DERMATOLOGICAL PRACTICE 


Paut L. WILLIAMS 
Seattle, Washington 


Ann. New York Acad. Sc., 1959, 82: 135-140 


Since staphylococci are prominent in both primary and secondary skin in 
fections, increasingly wide-spread antibiotic-resistant strains are becoming a 
serious concern to the dermatologist. A new synthetic microbicide, Triburon, 
appears to be effective against these strains and to be well tolerated on repeated 
application. 

In this study a total of 84 patients, most of them with secondary infections, 
were treated with Triburon. The first 41, who had infected psoriasis, folliculitis, 
furunculosis, intertrigo, infected eczematous dermatitis, were treated with 
Triburon alone, preceded by soaks when inflammation indicated. Most of them 
also received other therapy. A second group of 43 patients were treated with a 
combination of Triburon and hydrocortisone ointment; 10 had neurodermatitis, 
11 had atopic dermatitis and the rest had eczema, contact dermatitis, lichen 
simplex chronicus, pruritis ani, intertrigo axillaris, and secondarily infected 
acne. Adjunctive therapy was usual in this group also. 

In each group 13 patients were completely relieved, and 20 per cent of the 
first and 25 per cent of the second group responded excellently. A total of 77 
per cent responded satisfactorily. The good responses included 12 cases which 
had failed to respond to penicillin therapy. Cultures usually showed the presence 
of Staphylococcus aureus. 

The only side effect was transient local burning in three cases. The combination 
of Triburon and hydrocortisone was also beneficial in several instances when 
neomycin therapy had not been useful. Seven illustrative case histories are 
summarized. 


(Please refer to page 46 for editorial comment.) 
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THE USE OF TRICLOBISONIUM CHLORIDE 
(TRIBURON) IN PEDIATRIC PRACTICE 


S. Brevenski, J. M. Fox, anp A. B. Fak 
Chicago, Illinois 
Ann. New York Acad. Sc., 1959, 82: 141-144 


The use of external medication is one of the primary measures used by the 
dermatologist. The new topical antimicrobial, Triburon, appears to cause little 
irritation or sensitization and is probably only slightly toxic if small amounts 
are ingested. We used a Triburon ointment for treatment of 52 patients, in- 
cluding 39 children. Twenty-eight of these who had eczematous conditions, 
sometimes complicated by secondary infection, received Triburon with hydro- 
cortisone added for its anti-inflammatory and antipruritic effect. Twenty-four 
with primary or secondary pyodermas received Tributon alone. The first group 
had been previously treated with Vioform, ammoniated mercury, steroid cream, 
Whitfield’s ointment, and coal tar. The second group had been treated un- 
successfully with Vioform cream, Aralen, potassium permanganate soaks, 5 per 
cent iodine ointment, and Whitfield’s ointment. The shortest treatment with 
Triburon alone was 2 days in the first group and 1 week in the second; some 
cases in both groups were treated up to 8 weeks. 

In the first group, 82.1 per cent responded favorably; 30 per cent had complete 
relief. These included several old cases which had not improved on other intensive 
treatment. The 5 who were not benefited included 2 who had local swelling and 
burning at the site of application and one whose original lesion became worse. 
In the second group, 83.3 per cent improved and 2 patients became worse, but 
there were no untoward reactions in this group. Although the percentage of 
favorable response was similar in the two groups, 39 patients in the first as 
compared with 14 in the second group were fully relieved. The difference was 
attributed to the importance of allergic factors in eczematous lesions, which are 
usually alleviated but not relieved entirely by topical medication. 


Comment: Triburon is a new antimicrobial agent which appears to have a good potential 
for therapy of external ocular infections. The various investigations abstracted here 
suggest that this would be a useful topical agent with specific wide-range antibacterial 
action for the therapy of skin infections of the lids and possibly of the conjunctivae. Its 
potential role in corneal infections will have to be evaluated and its ocular tolerance as 
well. It is now available as an ointment 0.1 per cent concentration in Carbowax and as a 
10 per cent solution that can be diluted with saline. It should be given a definite trial in 
ophthalmology for it is a nonantibiotic substance. It is a quaternary ammonium compound 
which appears to be effective against many of the pathogenic organisms that involve 
the eye. 

Irvine H. LEoproip 
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OBSERVATIONS ON THE USE OF NICOTINIC ACID TO 
INDUCE IN VIVO FIBRINOLYTIC ACTIVITY 


Wiuu1am L. WiLson AND GEORGE FosTIROPOULOS 


Am. J. M. Se., 1959, 238: 591-597 


A variety of methods to induce fibrinolysis are under investigation in an 
attempt to find a more direct method for treatment of thrombo-embolic phe- 
nomena. Present methods of anticoagulant therapy cannot lyse thrombi already 
formed. Substances being utilized for fibrinolysis study include active plasmin, 
proteolytic enzymes for activation of plasminogen, and indirect activators of 
plasminogen. 

Plasmin may be rapidly inactivated by normally circulating inhibitors. 
Proteolytic enzymes are limited by possible reactions to foreign protein and 
possible over-action of plasmin with excessive proteolyses. Nicotinic acid is one 
of several nonprotein agents which may induce increased fibrinolysis, but it is 
the only one considered suitable for clinical application. 

The report is based on the observations of fibrinolytic activity following the 
administration of nicotinic acid to 17 convalescent patients with hematologic 
or hepatic disease (except one patient with portocaval shunt. Response was 
based on estimation of fibrinogen level and plasma fibrinolytic activity as 
judged by a modified euglobulin fibrinolysis method. 

Intravenous injection of 100 mg. of nictotinic acid over 3 to 4 minutes was 
followed by a marked rise in fibrinolytic activity in 5 to 10 minutes with a 
maximum at 10 to 15 minutes and return to normal at 30 minutes. Repeat 
injections at 12-hour intervals showed similar short-term response phases. Oral 
administration produced fibrinolytic activity only in the patient with portocaval 
shunt, not otherwise. Side effects in these patients included mild to severe 
flushing, burning, nausea, and systolic blood pressure decreases of 10 to 20 mm. 
Hg. 

A second group of patients received intravenous nicotinic acid diluted in 5% 
dextrose solution to a 1 mg. per ml. solution. Dosage varied from 100 to 200 
mg. over 30 to 60 minutes. The fibrinolytic response was similar to that seen in 
the first group but without any significant side effects. Repeat infusions after a 
20-minute interval showed a reactivation of approximately the same degree of 
activity. 

The mechanism by which nicotinic acid activates plasminogen is not known. 
It is not a direct activation but is probably associated with a normal activation 
released by the action of nicotinic acid. 


Comment: The current methods of medical therapy available for the many aspects of 
acute occlusive vascular disease are inadequate. Although the anticoagulants have shown 
value, they serve only to prevent progression of the existing pathology, not alleviate it. 
We have seen this in all fields of medicine ranging from insufficiency to infarction of 
myocardium, cerebral vascular tree, and retinal arteries and veins. 
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An agent which could cause clot dissolution (or fibrinolysis) would appear to fill our 
needs most directly. Unfortunately no perfect fibrinolytic agent is available. The authors 
of this article have shown, however, that nicotinic acid, given as a slow intravenous 
infusion can activate fibrinolytic activity in vivo (for short periods) with apparently 
minimal side effects. The implication of hepatic metabolism also suggests that sublingual 
administration may be effective. 

This is a very intriguing aspect of the spectrum of nicotinic acid actions. This drug 
has been used as a systemic vasodilator for many years, especially with cerebrovascular 
disease. More recently it has been reported to have some lipid clearing activity in large 
doses. Neither the cerebral vasodilation nor the lipid clearing action have proved clinically 
significant as yet. Now further charms have been offered, and apparently verified by these 
and by preceding workers. Whether this facet of this irrepressible drug may be clinically 
significant should be further investigated. 

Martin Lusow 


CLINICAL FEATURES OF CONTACT DERMATITIS DUE 
TO NEOMYCIN 


Report or Cases 
Hucu ReyNops 
Mobile, Alabama 

James F. HINDEBRAND 

Sheboygan, Wisconsin 

CLARENCE §. Livincoop AND Rosert P. FosnauGH 
Detroit, Michigan 
A.M.A. Arch. Dermat., 1959, 80: 455-460 


Allergic skin reactions to neomycin are generally considered rare, and diag- 
noses reported in the literature have been rather irregularly carried out. In- 
fection with antibiotic-resistant staphylococci is now a major public health 
problem, and neomycin the best available topical agent for treating such in- 
fections. It is therefore important to learn the incidence of contact sensitivity 
to this antibiotic and to establish criteria for its recognition. 

During the past 3 years we have identified 28 cases of dermatitis due to neo- 
mycin, some in old patients recalled especially for testing. However, during the 
last year only 3 new cases have come to our attention. Several illustrative case 
histories are summarized. 

Patch tests were made at first with the suspected ointment or lotion, and 
later with 0.1 per cent to 1.0 per cent isotonic saline solution of neomycin sulfate. 
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Results were positive in 24 cases, uncertain in 2, and negative in 2 others. The 
reading was usually negative when the test material was removed after 48 hours, 
but positive after 3 to 5 days. Moreover, the sensitivity tended to become 
evident as an eczematous reaction at the patch site for a period of 5 to 7 weeks, 
occasionally as long as 7 months. 

Intradermal tests using 0.1 cc. of neomycin sulfate in isotonic saline solution 
1:1000 to 1:100 were given to 19 patients. In 9 cases both the patch and the 
intradermal tests were positive, in 2 cases the intradermal tests were positive 
and the patch tests negative, in 5 instances patch tests were positive and intra- 
dermal tests negative. 

In three instances acute exacerbation followed use of the neomycin locally, 
but in general onset of reaction was insidious. Neomycin sensitivity was sus- 
pected in most cases because skin conditions were progressive or failed to re- 
spond normally to therapy. In the latter instances response was not acute. 
Twice acute exacerbations were at first attributed to the underlying dermatitis. 

While this series is too small to warrant rigid conclusions, both statistics and 
clinical impression suggest that sensitization occurs most readily in intertriginous 
sites or in those subject to maceration. The frequency of otitis externa probably 
reflects the wide-spread use of neomycin-containing steroid ointments in this 
area. 

While topical reactions to neomycin are not therefore common, neomycin 
sensitivity should be considered a possible explanation when patient’s derma- 
titis does not respond as expected to neomycin ointment or lotion. In all our 
cases, the reaction cleared rapidly after discontinuing the antibiotic. 


Comment: Neomycin is known to possess a potent bacteriocidal action against a broad 
range of organisms—including antibiotic resistant staphylococci, Escherichia coli, Bacillus 
proteus, and Pseudomonas aeruginosa—and, as a result, has become a common ingredient 
in dermatologic, otolaryngologic, and ophthalmic preparations. Consequently, local 
hypersensitivity reactions, formerly regarded as rare, are encountered with increased 
frequency. 





The prescription of an ophthalmic preparation containing neomycin has, in too many 

instances, become an automatic response for the treatment of an ocular inflammation. 

. The physician invariably fails to consider the possibility that the condition might be 
nonbacterial and tends to rationalize the use of this practice. 

It should be realized that the indiscriminate application of an antibiotic will un- 
doubtedly cause an increased incidence of allergic reaction, resistant bacteria, and super- 
infection. Since many of these infections actually are nonbacterial, they will respond with 
equal satisfaction in a nominal period of time, or to less hazardous agents such as astrin- 
gents, quarternary ammonium compounds, or mercurials. 

LEONARD APT 











SURVEY OF OPHTHALMOLOGY 
AN EVALUATION OF TETRACYCLINE PREPARATIONS 


Wiiur1AM P. BoGer anp Joun J. GAVIN 


Department of Research Therapeutics, Norristown State Hospital, 
Norristown, Pennsylvania 


New England J. Med., 1959, 261: 827-832 


Claims and counterclaims have been made for various tetracycline prepara- 
tions. Although it is now fairly general knowledge that tetracycline acts as a 
chelating agent, combining with calcium and magnesium ions, to become less 
well absorbed from the gastrointestinal tract, this fact was not equally well 
known when the “battle” began. 

The evaluation of 15 preparations, 11 investigational and 4 commercially 
available tetracycline formulations, is the subject of this report. 

In carefully controlled small groups of healthy adults, each served as his own 
control in two or four phases of investigations. A total of 71 volunteers, divided 


TABLE 1 
Identification and Potency of Test Materials 








No. | Identity | Dosage Form of Tetracycline Filler Potency per Dose 
Form | 
1* | 57496 


| 
Capsule| Hydrochloride | Dicalcium phosphate, | 122 X 2 = 244 
40 mg.; disodium 


j 
| 
| | Versenate, 375 mg. 














2 | 57498 | Capsule) Hydrochloride | Dicalcium phosphate, | 287 
| 40 mg. 

3t | 4768-20174 nis Hydrochloride Dicalcium phosphate, | 262 

| 40 mg. 

4 | 7-7573 Capsule! Base | Citric acid, 250mg. | 275 

5 | 57A378 Capsule! Hydrochloride Citric acid, 250 mg. 271 

6t | L6154 Capsule| Phosphate complex| Calcium, 22 mg.t 260 

7T | 67016 Capsule| Hydrochloride | Lactose 288 

8 | 57357 Powder | Hydrochloride None 250 

9 | 57538 Powder | Hydrochloride Disodium Versenate, | 263 
750 mg. 

10 | 57539 Powder | Hydrochloride Dicalcium phosphate, | 225 
| 80 mg. 

11 | 57A372 | Capsule} Phosphate complex| Lactose, 90 mg. 265 

12 | 57A406 | Capsule) Hydrochloride Lactose, 90 mg. | 270 

13 | 58061 Capsule} Hydrochloride | None | 233 

14 | 58059 | Capsule} Hydrochloride | Glucosamine, 250 mg. | 187 

15f | 81100 Capsule| Hydrochloride | Glucosamine, 250 mg. 307 





* Two capsules per dose. 
t Commercial material. 
t Equivalent to 96 mg. of dicalcium phosphate. 
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about equally between males and females, were studied. The following state- 
ments are based on the observations made: 

Dicalcium phosphate depresses the serum concentrations that result from the 
administration of tetracycline hydrochloride, or the tetracycline phosphate 
complex in equal degree. 

The tetracycline complex, tetracycline in combination with glucosamine, 
tetracycline with citric acid and tetracycline with disodium Versenate (a power- 
ful chelating agent) do not give serum concentrations higher than those observed 
after the administration of tetracycline hy Crochloride alone. 

Encapsulation in hard gelatin capsules has a slight, but definite, depressant 
effect upon tetracycline serum concentrations. 

Urinary recoveries of tetracycline during an 8-hour period correlate well with 
the observed height of tetracycline serum concentrations. 

The magnitude of observed differences between tetracycline preparations is 
largely of academic interest and has little, if any, significance in terms of tetra- 
cycline therapy. 

The record seems clear that there is no “enhancing adjuvant”’ that can elevate 
serum concentrations of tetracycline above those observed after the adminis- 
tration of tetracycline hydrochloride alone. In fact, there is no substantial body 
of evidence that the serum concentrations, after the administration of tetra- 
cycline with glucosamine, citric acid, a chelating agent such as disodium Ver- 
senate or tetracycline as a phosphate complex, are any more than equal to those 
observed after the administration of tetracycline alone. As so frequently proves 
to be the case, a drug in its simplest form is best. 

There is unquestionably great variability from one patient to another, even 
though they were all regarded as ‘‘normal,” and also there is an inherent margin 
for error in microbiologic assays. When, however, reasonable efforts are made 
to control both these factors, qualitative, if not quantitative, differences can be 
demonstrated between preparations if real differences do exist. 


Comment: It is obvious from this study by Boger and Gavin that the various attempts 
to increase the penetration, absorption and thereby the blood level of tetracycline by 
the addition of agents such as glucosamine, citric acid, disodium Versenate, have not 
succeeded and that the best tetracycline preparation appears to be the unembellished 
tetracycline hydrochloride. 

Irvine H. Leopoip 
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SURGERY 
A CATARACT OPERATION IN A CENTENARIAN 


A. J. Exuior 
Toronto, Canada 


Canad. M.A.J., 1959, 81: 247-248 


The present trend is to appraise the elderly patient on the basis of his physio- 
logic age, and not to deny him an operation which may prolong life or reduce 
pain or disability merely because of chronologic age. Surgery of older persons 
differs from that of younger ones only in detail and degree of risk, with the con- 
sequent accentuation of problems of management. 

A man aged 99 had been blinded in one eye by an injury at the age of 70, and 
vision in the other was reduced to light perception by a mature cataract. At the 
age of 100, at the desire of his family, he was admitted for operation. At that 
time he was obviously aged and somewhat feeble, but did not look his age. 
Physical examination showed no special disability. The right eye was blind, the 
lens cataractous and partially dislocated, and the intraocular pressure was 18 
mm. Hg. The left lens had a well developed cataract, and intraocular pressure 
was 23 mm. Hg. 

The cataract in the left eye was removed under local anesthesia, using local 
infiltration with 2 per cent procaine in the retrobulbar space and in the region 
of the lateral canthus and lids. A conjunctival flap was prepared and corneo- 
scleral sutures preplaced. A complete iridectomy was performed at the 12 o’clock 
position, and the lens was removed with the erisophake without loss of vitreous. 
The patient withstood the operation well. His head was moderately elevated 
after the operation and he was out of bed the next day. A small hemorrhage noted 
at the time of the first dressing absorbed spontaneously. The patient was dis- 
charged 10 days after operation, and sutures were removed on the 24th day. 
Six weeks after operation a spectacle lens was fitted, giving him 20/200 vision. 
When he was last seen 15 months later, the condition of the eye was satisfactory 
and he was self-sufficient about the house. 


Comment: This article shows that there is no age limit in deciding upon cataract 
surgery. One must never forget, however, that the elderly patient frequently becomes 
confused with the use of barbiturates and that a minimal amount of preoperative sedation 
should be given the patient. Sometimes an intravenous injection with a small amount of 
Demerol and Phenergan just prior to surgery will provide adequate basal sedation, and 
it has the advantage in lasting not much longer than 30 minutes. Needless to say, only 
one eye should be covered and the patient should be allowed out of bed and to the bath- 
room in the immediate postoperative period. The greatest danger on the elderly patient 
is not a complication of his ocular surgery, but the complications of mental confusion and 
the possibility of vascular accidents caused by immobility. 

P. Ross McDonatp 
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GONIOSCOPIC STUDY AFTER KETTESY’S ANGIODIATHERMY 


L. Vatu anp F. CstiLuée 
Debrecen, Hungary 


Ophthalmologica 1960, 139: 20-24 


The aim of angiodiathermy is to close both the posterior long ciliary arteries 
and to interrupt the long ciliary nerves, as surrounding tissues are coagulated. 
The stronger the current and the longer the time of application, the more exten- 
sive is the consequent cicatrization. 

At first we considered full intensive cautery advantageous, forming a gray- 
black area of sclera 8 mm. long and 5 mm. wide. One of the eyes treated in this 
way was enucleated because of amaurosis and pain, and histologic examination 
showed widespread damage. A white spot 10 mm. in diameter was seen in the 
ciliary portion of the retina, and only scar tissue was present in the cauterized 
area. No signs of the ciliary arteries or nerves could be found. Cicatrization 
extended into the ciliary body and the iris root. Schlemm’s canal was closed and 
the angle was replaced by scar tissue. Gonioscopic examination of all cases dis- 
closed more or less severe gray-white tissue replacing the angle. In some instances 
focal illumination also showed atrophy extending into the iris roots, and in one 
case a lesion extending into the retina over the ora serrata. We realized, there- 
fore, that intensive diathermy was harmful. Following atrophy of the ciliary 
body the production of aqueous was diminished, but because of injury to the 
drainage mechanism, the effect was not usually successful as treatment of glau- 
coma. 

Since this time we have reduced both the amount of current and the time of 
application. The improved results confirmed our expectations. A small area of 
cicatrization closes the artery and interrupts the nerves, producing the desired 
effect without injuring tissue or drainage. We now apply 10- to 15-ampere cur- 
rent for 2 seconds, producing a gray-white streak on the sclera about 6 mm. long 
and 1 to 2 mm. wide. The structure of the angle of the anterior chamber remains 
recognizable and in cases for which the cicatrization has been mild, remains 
normal. Occasionally a slight pigmentation is seen in the horizontal meridian. 

Systematic gonioscopy was used to determine the dosage at which the desired 
effect could be obtained without injuring adjacent tissues unnecessarily. The 
results since we undertook the new procedure have been considerably better. 


Comment: Angiodiathermy of both long ciliary arteries and the interruption of the 
long ciliary nerves has been little used in the treatment of glaucoma in the United States. 
This commentator has had no experience with it. 

The authors describe rather localized changes in the angle and suggest that the heavy 
diathermy previously used produced a reduction in efficiency of the outflow passages. 
One wonders whether the small area involved is enough to cause such an interference 
with outflow. 

Sau Suear 
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FISTULIZING OPERATIONS FOR GLAUCOMA: THEIR 
COMPLICATIONS 


Irvinc H. LEopoup 


Graduate School of Medicine, University of Pennsylvania, and the 
Wills Eye Hospital, Philadelphia, Pennsylvania 


J. Internat. Coll. of Surgeons, 1960, 33: 171-180 


The reasons for failure of fistulizing operative procedures for glaucoma are 
many. Foremost is the improper choice of operation. The others are the com- 
plications that may occur in the performance of a properly selected procedure 
interfering with its outcome. 

Hemorrhage. There are, as yet, no proved methods of speeding up the absorp- 
tion of the hyphemas. Recent studies suggest that some favorable influence of 
intravenously administered plasmin require further investigation before its 
widespread use. Guyton observed hemorrhage immediate or delayed in 30 per 
cent of 95 eyes operated on. 

Slow reformation of the anterior chamber. It is the characteristic feature of 
most filtering fistulizing procedures for glaucoma. Even with careful attention 
to meticulously tight closure, flat anterior chambers are frequent and apparently 
cannot be prevented by any current procedure. 

Cataract formation. Opacities in the lens may be expected to develop sooner 
when glaucoma operations are performed than they would if no operation were 
performed. This tendency increases with the patient’s age. If a patient already 
has lens opacities the surgeon should select a procedure that will allow a satis- 
factory lens extraction to be done at a later date. Cataractous changes that 
develop a few days after operation are probably caused by the surgeon’s touching 
the lens capsule inadvertently. It is this danger that has made many ophthal- 
mologic surgeons switch from the trephine procedure to iridencleisis or the 
diathermy scleral shrinking technique of Scheie. 

Postoperative elevation of intraocular tension. It is genera!ly accepted that 
iridencleisis and the other procedure lower the intraocular pressure by creating 
a fistula through which aqueous can drain to the subconjunctival bleb. It is 
quite possible that failure to control intraocular pressure in the presence of a 
bleb is due hypersecretion, but more problably it represents fibrosis within the 
bleb, which prevents adequate filtration. When the tension remains elevated in 
the presence of an apparently functioning bleb, the bleb has a thick covering of 
fibrous tissue that limits its effectiveness. Subconjunctival incision into the 
bleb is rarely sufficient to cure the condition where the intraocular pressure is 
not satisfactorily maintained through this fibrotic bleb. Sometimes massage 
helps, particularly if it produces a substantial fall in intraocular pressure and 
increases the size of the drainage bleb. If miotics maintain the intraocular pres- 
sure within normal limits, no additional treatment is indicated. 

Hypotony. Attempts to reduce hypotony by cautery of the blebs or other 
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measures may stop infiltration to such an extent that the intraocular pressure 
is no longer controlled. If the bleb is ruptured, producing a flat interior chamber, 
or there are frequent changes in refraction, a conjunctival or Tenon’s flap can 
be brought down and anchored to the episcleral tissue on each side of the cornea. 
Guyton encountered hypotony in only 1 of his 86 operations and Scheie in 21 
per cent of his. 

Intraocular infection. The estimated incidence varies according to different 
authors from 0.1 to 3.5 per cent. It is lower after iridencleisis than after scleral 
trephining or the operation of La Grange. Prophylactic treatment consists of 
securing a thick flap of conjunctiva and Tenon’s capsule at the time of operation. 

Malignant glaucoma. Foreward displacement of the iris lens diaphragm, 
accompanied by rise in tension, is best handled by lens extraction. This com- 
plication is more frequently observed after iridectomy than after other fistulizing 
operations. 

Uveitis. Iritis is not an uncommon complication of fistulizing operations and 
can usually be controlled by local steroids and cycloplegics. 

Experience with iridectomy and cautery to scleral wound edges. Over the past 
2 years I have had the opportunity of evaluating the iridectomy with scleral 
cautery procedures in 90 eyes, and the results are quite similar to those pre- 
viously reported by Scheie. Hypotony has been encountered, as has delayed 
formation of the anterior chamber, which at first was quite worrisome, but 
apparently many of these eyes have done well in spite of the prolonged interval 
before the chamber was well formed. Uveitis was encountered in 9 cases, necessi- 
tating the vigorous use of cycloplegics and steroids in an effort to quiet the 
inflammation, break the posterior synechiae or prevent their reformation. 
Hyphemas occurred in 8 eyes but appeared not to be related to the eyes in which 
control was not established. The procedure has been used as a secondary opera- 
tion when other surgical approaches have failed and has been successful (Table 1). 

Since complications occur in all of these procedures available for the control 
of chronic glaucoma, there is little to choose between them. The ophthalmologic 
surgeon should use the technique with which he is most familiar, in which he 
has the most confidence and in which he has had good results. 


TABLE 1 
Summary of Recent Series of Fistulizing Procedures for Glaucoma 








Per Cent 
Procedure No. of Eyes So 
Miotics 
Iridencleisis 
eT er er en re 95 84 
Anterior sclerotomy and basal iridencleisis 
I eet tre rts bare eatie aie ea ach ete ewan aa ee 311 96 
Mulberger and McDonald, 1958.....................220008: 62 94 
Peripheral iridectomy and sclerotomy by diathermy 
a acy ela ag aia Tics a tacwar a ciate eee aaa iat teak sorte ee ORGS 90 83 
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Comment: The conclusions of this review of the complications following fistulizing 
operations for glaucoma are to be recommended to every young ophthalmologist. In 
particular, it should be emphasized that there is little to choose between the several 
procedures used for simple glaucoma, and that complications occur with them all. In- 
clusion of the Scheie procedure in the group of equally valuable procedures is entirely 
justified. 

Dr. Leopold’s discussion of lens damage following trephining suggests that one of its 
causes, the introduction of iris forceps into the anterior chamber, can usually be avoided 
if the limbal incision is made in such a way as to permit spontaneous iris prolapse. If the 
incision is made perpendicularly, slight pressure on the posterior lip nearly always causes 
prolapse. On the other hand, if the incision is at all beveled, such prolapse is difficult and 
may be impossible. 

The suggestion that the use of a thick subconjunctival flap is the prophylactic measure 
for late infection is true—but how can one make a thicker flap of Tenon’s than is available 
in the individual eye? Of course, one should be sure to dissect the conjunctival flap down 
to the corneolimbal margin in its full thickness. However, in the trephining procedure, 
further dissection is made into the cornea, making a thin epithelial cover which is prob- 
ably the reason for the vulnerability of the trephined eyes to late infection. This editor 
has, therefore, discontinued dissecting into cornea and is making the trephine opening 
at the site of the greatest limbal width above. The anterior edge of the trephine is held 
against the corneolimbal junction. 


H. Saut SuGar 





External Disease 
OCULAR VIRAL DISEASES 


PuHILtutirs THYGESON 


Department of Ophthalmology, University of California School of Medicine, 
San Francisco, California 


Med. Clin. North America, 1959, 43: 1419-1440 


This report summarizes recent advances in the clinical and laboratory aspects 
of ocular viral disease and calls attention to some features which have not been 
emphasized previously in the literature. 

Herpes simplex virus, in addition to causing typical dendritic keratitis, is also 
the most important cause of disciform keratitis and of many other bizarre types 
of keratitis. Occasionally the primary manifestation of the disease is an acute 
keratoconjunctivitis which may closely simulate epidemic keratoconjunctivitis, 
but typical dendrite figures usually appear and provide the basis for the clinical 
diagnosis. The diagnostic method of inoculating rabbit corneas with scrapings 
from a herpetic keratitis has been largely superseded by inoculation of chorioal- 
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lantoic membrane or of tissue cultures. It has been estimated that these tissues 
are at least 10-fold more sensitive to infection than the rabbit cornea. 

Bilateral cases and perforations of the cornea have become increasingly com- 
mon. Mechanical or chemical removal of virus containing epithelial cells from 
the cornea leads to cure if done early. Corticosteroids are contraindicated as 
their use may facilitate dissemination of the virus with resultant increase in 
scarring or perforation. Broad-spectrum antibiotics are known to promote 
secondary infection with fungi. Since herpes simplex is typically a recurrent 
disease and the infections of the eye tend to be precipitated by trigger mecha- 
nisms such as fever, emotional upsets, allergy, and the topical or systemic use of 
corticosteroids, trials are being made to prevent recurrences by interrupting 
trigger mechanisms. Results with antipyretics given at the beginning and during 
the acute phase of any febrile disease seem to warrant further study. Attempts 
are also being made to modify allergic mechanisms by antihistamines and emo- 
tional mechanisms by the use of tranquilizing drugs. 

Pharyngoconjunctival fever, common in children, is an acute infection, lasting 
on the average 7 to 10 days, in which fever, pharyngitis and acute follicular 
conjunctivitis occur in combination or singly and with varying degrees of se- 
verity. It is usually epidemic. Except when associated with keratitis, the eye 
picture cannot be differentiated from Newcastle conjunctivitis. Laboratory 
diagnosis is made by the isolation of adenovirus type 3 in tissue culture, or by 
the demonstration of a specific rise in neutralizing antibody to the virus in the 
blood stream. A prophylactic vaccine is now available. 

Epidemic keratoconjunctivitis was introduced into this country in 1941 from 
Hawaii. It occurs typically as an acute keratoconjunctivitis with follicular 
hypertrophy of the conjunctiva and marked preauricular adenopathy. The 
keratitis appears from 7 to 10 days after onset of the disease and is characterized 
by round, subepithelial infiltrates of varying size which persist for many months 
after the disappearance of the conjunctival inflammation. Adults are affected 
predominantly. Type 8 adenovirus has been recovered from typical cases. Al- 
though this disease can be diagnosed by laboratory means, the corneal changes 
are usually sufficiently characteristic to provide the basis for clinical diagnosis. 

Newcastle disease conjunctivitis should be suspected immediately in any indi- 
vidual with acute follicular conjunctivitis who has been exposed to the live vac- 
cine or to the disease in fowl. Unequivocal diagnosis, however, is possible only 
through the isolation of the virus on the chorioallantois of the developing egg, 
or by the demonstration of a rising antibody titer during the course of the dis- 
ease. The conjunctival changes are indistinguishable from those of pharyngo- 
conjunctival fever except for the total absence of corneal disease. No systemic 
illness has been observed. 

In measles keratitis and conjunctivitis, the conjunctivitis is typically nonpuru- 
lent and nonfollicular and may be characterized by Koplik spots, particularly 
on the semilunar field. The keratitis is mild and entirely epithelial with multiple 
punctate epithelial foci which could account for the photophobia characteristic 
of measles. The virus has been cultivated and laboratory diagnosis can be made. 
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Mumps keratitis. In rare cases, mumps virus may produce a true disciform 
keratitis with subsequent scar formation, inflammation of the lacrimal glands, 
and uveitis; exceptionally it may involve the optic nerve secondarily to mumps 
encephalitis. The interstitial keratitis often noticed is transient. 

Molluscum contagiosum conjunctivitis is a benign disease of ocular interest be- 
cause of the virus nodules which form on the lid margins and associated chronic 
follicular conjunctivitis that supervenes. It is resistant to chemotherapy but 
can readily be cured by excision of the nodule. 

Common wart keratitis and keratoconjunctivitis. The conjunctivitis of verruca 
is not follicular; the keratitis is always a chronic epithelial type that responds 
rapidly to removal of the lid margin nodules, indicating that there is no true 
localization of the virus on either the conjunctiva or cornea. Virus tumors of 
the conjunctiva, so-called “infectious papillomas” occur exceptionally and re- 
quire excision or destruction. 

Herpes zoster ophthalmicus, primarily a disease of middle life, is steadily in- 
creasing in frequency. The keratitis and uveitis, although self-limited, are of 
major importance because of the frequent visual loss which results from corneal 
scarring and from secondary glaucoma. The disease is unaffected by chemother- 
apy although the use of antibiotics may prevent secondary infection of the skin 
vesicles by Staphylococcus aureus, a complication in untreated cases. Since deaths 
have resulted from systemic steroid therapy in the related disease, varicella, 
caution in their use is indicated. 

Varicella (chickenpox) rarely develops ocular lesions. The most common are 
vesicles of the eyelids; less commonly vesicles may appear on the conjunctiva 
and cornea. 

Variola and vaccinia. Accidental vaccinia infection of the eyelids, conjunctiva 
and cornea is not uncommon. The use of hyperimmune vaccinal y-globulin has 
been advocated at the onset of lid lesions in an effort to prevent corneal compli- 
cations. 

Cytomegalic inclusion disease in its generalized form is acute and frequently 
fatal, most commonly in infants. It must be considered a cause of chorioretinitis 
in children. Diagnosis is made by the frequency of inclusion-bearing cells in the 
urine and by periventricular calcification in x-rays. 

Trachoma is caused by an agent belonging to the psittacosis-lymphogranuloma 
venereum group of atypical viruses. The virus is responsive to sulfonamide and 
antibiotic therapy. 

Inclusion conjunctivitis both in the ophthalmia neonatorum type and as the 
acute follicular conjunctivitis among adults has decreased in this country. The 
recently cultivated virus bears a close resemblance to trachoma virus and is 
sensitive to broad- and medium-spectrum antibiotics. The term “swimming pool 
conjunctivitis,” formerly used synonymously with inclusion conjunctivitis, may 
in the future be used to designate the eye manifestations of epidemic pharyngo- 
conjunctival fever. 

Lymphogranuloma venereum. The most characteristic picture of this disease is 
the oculoglandular conjunctivitis. The diagnostic value of the Frei intradermal 
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test is now enhanced by the rarity of the infection. Since the virus belongs to 
the psittacosis-lymphogranuloma group and is susceptible to sulfonamides and 
medium- and broad-spectrum antibiotics, a therapeutic test is indicated in 
doubtful cases. 

Superficial punctate keratitis lasts for years but is not of any permanent im- 
portance since it heals spontaneously without vascularization or scarring. It is 
not certainly known whether or not the long continued use of steroids can pro- 
long the clinical course of the disease or interfere with its spontaneous healing. 
The viral origin has not as yet been substantiated. 

Behget’s triple-symptom complex, consisting of changes in the skin, mucous 
membranes and eyes has only recently been seen in the United States. It is im- 
portant because of its invariable course to blindness. Its suspected viral origin 
has not been verified. 

The cause of chronic follicular conjunctivitis (Axenfeld type) has not been de- 
termined. 

Ocular lesions, usually benign, are frequently associated with infectious mono- 
nucleosis. Conjunctivitis is the most common complication, but optic neuritis 
and uveitis, usually bilateral, are often seen. They may be so mild as to escape 
detection unless routine examination of the eyes during the illness is made. 


ELECTRIC SHAVERS AND EYE AFFECTIONS 


LETTER TO THE EDITOR 


Lancet, 1960, Jan., 285 


Srr,—It is now widely conceded that various inflammatory conditions of the 
eye, and in particular, the conjunctiva, may well be initiated by microscopic 
fragments of dandruff which lodge in the eye during combing or brushing of the 
hair. I would draw attention to another and more potentially dangerous source 
of similar irritation and/or self-infection—the electric shaver. At least one 
well-known manufacturer advises users to remove the shaving “head” after 
shaving and “blow across it” to remove the dust, which is composed, in persons 
with facial seborrhoea or abnormally dry skin, of powdered skin (or “scurf”’) 
and very small fragments of hair. 

Many persons almost certainly blow right into the shaving head in order to 
more effectually dislodge the dust, thereby driving some of the dust into eyes, 
nose, and mouth. 

When the possible cumulative effective is considered (this is done at least 
365 times a year!) the effect on the lungs might also be considered. 

R. Sr. C. Ison 
Cheltenham 
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OCULO-CUTANEOUS DISEASES AND INTERNAL MEDICINE: 
A REVIEW OF SOME OF THE LITERATURE 


HERMAN BEERMAN, BERNARD A. KirsHBAUM, AND Leon K. Cowan 


University of Pennsylvania, Departments of Dermatology, School of Medicine 
and Graduate School of Medicine, Philadelphia, Pennsylvania 


Am. J. M. Se., 1959, 238: 491-523 


The purpose of this paper is to show the relatively close relationship of the 
skin and eye and to review some of their concomitant pathologic involvement, 
especially that which may be indicative of internal diseases. 


HEREDITARY AND CONGENITAL DISEASES OF THE EYE AND SKIN 


Phacomatoses. 1. Tuberous sclerosis (Bourneville’s disease). Retardation of 
mental development is frequently the first sign. The associated epilepsy and 
adenoma sebaceum may vary in order of appearance. According to Kirby (Am. 
J. M. Se., 222: 227, 1951) the most significant objective finding is gliomatous 
retinal tumor. 

2. Neurofibromatosis (von Recklinghausen’s disease). The lesions of the skin 
are primarily tumors of nerve sheaths. The skin of the eyelid may be the site of 
a neurofibroma. More important manifestations are observed on the conjunctiva, 
iris, ciliary body and choroid. The latter two may be involved asymptomatically 
with glaucoma. 

3. Encephalotrigeminal angiomatosis (Sturge-Weber syndrome) consists of a 
combination of angiomas of the choroid and the pia mater with homolateral 
hemangiomas of the skin in the distribution of one or more branches of the 
trigeminal nerve, convulsive seizures and hemiplegia contralateral to the facial 
angioma, mental retardation and buphthalmos. 

4. Hemangioblastoma of the retina (Von Hippel-Lindau disease) has been 
classified in this group on the basis of the retinal lesion (phakoma). Cutaneous 
lesions are rarely found in this process. 

Pseudoxanthoma elasticum (Gronblad-Stranberg syndrome). The ocular 
changes consist of ‘‘angioid streaks,” hemorrhages, narrowing of the vessels and 
degenerative changes of the retina leading to involvement of the macula with a 
varying degree of impairment of vision. 

Rothmand’s syndrome. Most of the involvement (atrophic poikilo-dermatosis 
with telangiectasia and striae associated with juvenile cataracts, and endocrine 
features) is mainly of ectodermal origin. 

Werner’s syndrome. This may be a variant of Rothmund’s disease, becoming 
evident 2 decades later. 

Nevoxantho-endothelioma. This disease consists of yellowish tumors on the 
skin, often present at birth and rarely beyond childhood undergoes spontaneous 
involution usually at puberty. Several cases with eye involvement have been 
reported. 
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Sickle-cell disease. The ocular symptoms in 5 patients have been described by 
Goodman et al. (Arch. Ophth., 58: 655, 1957). They involve the vessels of the 
retina, optic disk and conjunctiva. 

Pityriasis rubra pilaris. This has been associated with other signs of vitamin 
A deficiency including blindness. 

Keratosis follicularis spinulosa decalvans (Siemen’s). In persons transmitting 
this disease the skin lesions may appear without apparent ocular involvement. 
Histologically, however, there is nearly complete absence of Bowman’s membrane 
in the cornea and vesicular formations of the epithelium of the superficial layers. 

Dermo-cuondro-corneal dystrophy consists of symmetrical dystrophic changes 
in the bones, skin and eyes, the latter manifested by bilateral corneal dystrophy 
with subepithelial opacities resulting in severe visual impairment. 

Ataxia-telangiectasia is a familial syndrome of progessive cerebellar ataxia, 
oculo-cutaneous telangiectasia, frequent pulmonary infection and peculiarity of 
eye movements simulating ophthalmoplegia. 

Retrolental fibroplasia associated with hemangiomas of the skin. Since it has 
been noted that children with this disease are prone to have hemangiomas of 
the skin, an ophthalmologic examination is indicated in all premature infants 
exhibiting them. 


INFLAMMATORY DISEASES OF THE SKIN AND EYE 


The diseases, caused by specific bacterial agents, and associated with infections 
of the skin and eye, have been discussed by Duke-Elder and by Thygeson. For 
the most part the organisms and the lesions caused by them respond to anti- 
biotics. 

Viral diseases with dermal or ocular manifestations include vaccinia, eczema 
vaccinatum, Kaposis varicelliform eruption, variola, herpes simplex, herpes 
zoster, varicella, verruca, molluscum contagiosum (according to Thygeson this 
should be considered a possible cause of every case of unilateral conjunctivitis), 
lymphogranuloma venereum, cat-scratch disease (reported as a cause of 
Parinaud’s syndrome), and others. 

Rickettsiae do not play a major role in common findings of the skin and eyes. 
Fungi are responsible for only a few infrequent ocular lesions. Protozoa which 
affect the skin and eyes are mainly those of tropical and subtropical regions and 
include leishmaniasis and trypanosomiasis. 


NONSPECIFIC INFLAMMATORY DERMATO-OCULAR CONDITIONS 


The mucocutaneous syndromes which have ocular involvement include 
Behcet’s syndrome (and its variants), erythema multiforme exudativum and 
some of its corollaries including Stevens-Johnson’s syndrome, and Reiter’s 
syndrome, among others. Touraine suggested in 1941 that these various condi- 
tions belong to one single systemic disease due to an ultra-virus and to which 
he gave the name aphthosis. 

Estimates of the frequency of ocular involvement in sarcoidosis range widely. 
None of the ocular lesions are specifically characteristic of sarcoidosis and are 
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not a useful means of differentiating it from tuberculosis. James (Am. J. Med., 
26: 331, 1959) found that patients with ocular sarcoidosis belong to older age 
groups, females predominated and Mantoux tests were more often negative. 
The ocular manifestations in allergic diseases have been summarized and 
tabulated by Leopold and Leopold (Pennsylvania M. J., 60: 842, 1957). 


METABOLIC AND PIGMENTARY DISEASES 


Lipid diseases. Many of the lipidoses exhibit ocular manifestations, ranging 
from peri-ocular yellowish infiltrations as in xanthelasthma (the most common 
type) to actual infiltration of the eye as in certain patients with nevoxanthoendo- 
thelioma. The increased reporting of ocular involvement in the latter disease 
lends weight to the concept that this disease may be a forme fruste of Hand- 
Schuller-Christian disease. Ocular lesions of diabetes mellitus obviously occur 
frequently in xanthoma diabeticorum and necrobiosis lipoidica. The ocular 
lesions found in porphyria include scarring, pigmentation and edema of the 
lids, ectropion, photophobia, blepharospasm, hyaloid thickening of the con- 
junctiva, pemphigoid occlusion of the fornix, lesions of scleromalacia perforans, 
and leukoma adherens involving the cornea, iris and lens. 

Pigmentary disorders. In jaundice the conjunctiva and sclerae are involved 
early; in carotinemia these are not discolored for they contain neither fat nor 
keratin. Gaucher’s disease may present a brownish yellow wedge-shaped thicken- 
ing or pinguecula of the subconjunctival tissues. Certain drugs and some chemi- 
cals used in industry stain the skin yellow and may be hepototoxic. The sclerae 
may not be involved, except in cases of superimposed jaundice. 


TUMORS 


As many of the lesions of a tumerous nature on the lids represent localized 
disease, it is necessary to have histologic confirmation of the exact nature of 
these processes. Keratocanthoma is easily confused with carcinoma, both clini- 
cally and histopathologically but in the more extensive forms the benign nature 
is discernible. The course of carcinoma of the eyelids is variable. Basal cell lesions 
of the eyelids do not metastasize but serious sequelae may ensue from their 
extension to adjacent structures. Prickle cell lesions of the eyelids not only 
spread by direct extension but also tend to metastasize to the orbit and regional 
lymph nodes. 


COLLAGEN DISEASES 


The ocular manifestations of the diffuse collagen diseases are many in number 
and varied in nature. There are certain of these lesions which are more character- 
istic of one collagen disease than another; for example, exudative inflammatory 
lesions are more commonly noted in rheumatoid arthritis, whereas ocular vascu- 
lar involvement is more frequent in periarteritis nodosa. Likewise the “‘heliotrope 
eyelids” occur only in dermatomyositis. Yet, when taken together, the ocular 
manifestations of this group might imply a close relationship. While this may 
be true, it is well to note that at times there is considerable variation as to type 
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and degree of eye involvement. Although toxic retinopathy is common in lupus 
erythematosus, periarteritis nodosa, and dermatomyositis, rarely, if ever, is 
there such a pathological state in scleroderma. Conversely, cataracts are fre- 
quently noted in association with scleroderma, but are rarely present in any of 
the remainder of the group of collagen diseases. 


Comment: The numerous diseases with ocular and cutaneous components cited in this 
article readily reveal the close relationship between dermatology and ophthalmology. 
The intimate connection between the skin and the eye is understandable—both are in 
exposed positions, both have a common origin (ectoderm) and both contain mesodermal 
elements which may be involved simultaneously in diseases of these organs. 

An eye examination can be most helpful to the dermatologist in making his diagnosis— 
e.g., recognition of the uveitis in sarcoidosis, the angioid streaks in pseudoxanthoma 
elasticum, the iridocyclitis in Behget’s syndrome, and the characteristic beaded corneal 
nerves seen by slit lamp biomicroscopy in leprosy. 

By the same token dermatologic examination can be important to support the diag- 
nosis of an ophthalmologic disease—e.g., the detection of cafe-au-lait spots in a patient 
with proptosis or optic atrophy caused by neurofibromatosis, the cutaneous lesions of 
sarcoidosis in a patient with granulomatous uveitis, and erythema multiforme in a sub- 
ject with membranous conjunctivitis. 

The authors of this review are dermatologists who have been interested in oculo- 
cutaneous diseases for many years. They have directed it to the internist but it serves 
as an excellent resume for the ophthalmologist. 


LEONARD APT 


STEVENS-JOHNSON SYNDROME 


EDWARD WASSERMAN AND WILLIAM I. GLAss 
Bridgeport, Connecticut 
A.M.A. Arch. Int. Med., 1959, 104: 787-793 


The Stevens-Johnson syndrome, or erythema multiforme exudativum, may 
be mild; or, like the author’s case, may be severe, or even fatal. The more severe 
cases usually begin with high fever, followed shortly by extensive vesicular and 
bullous eruptions of the skin and mucous membranes. Some cases also have 
pneumonia. Improvement usually begins within several days, and recovery is 
complete in a few weeks. In some instances the eye sustains permanent damage, 
such as keratitis, iritis, panophthalmitis, cicatricial contraction of the con- 
junctiva, ulceration and scarring of the cornea with residual visual diminution 
or blindiness. In the author’s case a severe membranous process covered almost 
all of the mouth, pharynx, and eyes, and also involved the bronchi and urethra. 

The cause of the disease is uncertain. In some cases sensitization, as to sulfa- 
diazene, may play a role, and viruses such as psittacosis seem to be implicated 
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in others. Neither seems to have any bearing in the present case. However, an 
8-fold titer increase in hemoglobin inhibition in blood studies for type A Asian 
influenza together with an epidemic at the time the patient became ill suggest 
that Asian influenza may have been a causative factor. While erythema multi- 
forme exudativum has not so far been associated in other reports with Asian 
influenza, it has been reported after vaccination for poliomyelitis and has also 
been noted with herpes simplex. Allergy has also been suggested as a possible 
cause. 

Laboratory studies are not very useful in diagnosis, although leukocyte and 
polymorphonuclear counts may be temporarily abnormal. Bacterial studies 
give negative results unless there is a secondary infection of the skin. Differ- 
entiation from drug allergies is important, and it may resemble pemphigus very 
closely. 

In view of possible sensitization, antihistamines may be used. Corticosterones 
are generally recommended. In our case improvement set in before they were 
given so that it is difficult to assess their role in the course of the disease. Anti- 
biotics are used to control secondary infections. 

In the author’s case, examination on the 5th hospital day disclosed extremely 
severe pseudomembranous conjunctivitis in the right eye with vision reduced 
to hand movements, and less severe conjunctivitis in the left eye with relatively 
normal vision. The initial treatment was local antibiotics, steroids, atropine, 
and compresses. Neo-Cortef drops were dropped after bacterial sensitivity 
tests and chloramphenicol and hydrocortisone used instead. Daily separation of 
conjunctival adhesions prevented symblopharon formation. The membrane was 
densely adherent and could not be separated, but gradually sloughed off and 
liquified. The membrane over the palpebral conjunctiva resolved more slowly, 
leaving slight permanent scars. For over four months symblepharon formation, 
keratitis, and ulcers were irregularly problems, but finally cleared. Corrected 
vision was finally 20/25 in the right eye and 20/20 in the left. 

According to Duke-Elder, eye complications are highly variable after erythema 
multiforme exudativum, and are usually of three types: catarrhal, purulent, or 
membranous. The severity is also highly variable, sometimes leading to re- 
current ulceration with perforation and loss of vision. 


Comment: The seriousness of this disease can only be appreciated by one who has seen 
the most severe form. The reviewer has seen a keratomalacia develop with bilateral 
perforation and near blindness resulting from the residua of this disorder. It is obvious 
that continued stripping of the pseudomembranes to prevent such changes in the cornea, 
which may well be nutritional as well as due to direct involvement by the exudative 
process and the constant use of drops of both antibiotic and steroid character, are neces- 
sary to prevent such disaster. The therapy that follows these complications is merely 
that of reconstruction of the lids and cornea as would be indicated in a comparable case of 
different etiology. The problem is primarily one of nursing and constant medical super- 
vision. The cause of the disease is unknown. Most investigators believe that it is primarily 
an anaphylactic type of reaction, the precipitating agents of which are variable. 

Tuomas R. Henpaes, Jr. 
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ORBIT 


BILATERAL PULSATING EXOPHTHALMOS DUE TO 
METASTASES FROM CARCINOMA OF PROSTATE 


P. C. GauTIeR-SMITH 
University College Hospital, London, England 
Brit. M. J., 1960, 1: 330 


The orbit is a rare situation for blood-borne metastases. Only 4 cases of second- 
ary deposits in the orbit from carcinoma of the prostate have been found in the 
literature. There is no recorded example of pulsating exophthalmos due to me- 
tastases from this or any other primary site. 

The patient, a man of 73, noticed one morning that he was seeing double. At 
about the same time he noticed a humming in both ears, which gradually in- 
creased. Shortly afterwards he began to get a deep aching pain in his right leg, 
left arm, and back. 

On examination on March 1, 1958, there was obvious pulsating exophthalmos 
on the left side. The eye was pushed outwards and downwards and felt abnor- 
mally firm to palpation; there was no chemosis. The right eye was also pulsating 
slightly. A loud systolic bruit was audible all over his face, maximal over the 
left orbit. On rectal examination there was hard, irregular enlargement of the 
prostate. During his first hospitalization, prior to March 1958, it was thought 
likely that the cause of his symptoms was an arteriovenous communication in 
the cavernous sinus, but secondary carcinomatous deposits were regarded as 
another possibility. 

On April 3 treatment was started with stilbestrol, 5 mg. t.d.s., which was 
gradually increased to 10 mg. t.d.s. Within a week the proptosis had obviously 
receded and the bruit was only just audible. Active osteoblastic activity was 
indicated by a fall in both the serum calcium and the serum phosphorus, while 
the alkaline phosphatase rose to 132 King-Armstrong units. His anemia re- 
sponded only slowly when transfusion of whole blood (500 ml.) was carried out; 
his hemoglobin rose to 78 per cent in the course of a few weeks. When last ex- 
amined in the outpatient department on June 5, 1958, his proptosis had receded 
further and the exophthalmometer readings were right eye 15 mm. and left eye 
17 mm. All his pain had disappeared and he felt extremely well. 

The mechanism of the bilateral nature of the pulsation in this case must re- 
main speculative. The most likely explanation would appear to be that there 
were two separate highly vascular metastases, one in each orbit. Support for 
this is given by the exophthalmometer readings, which after two months’ therapy 
showed a reduction of 4.5 mm. in the left eye and 1.5 mm. in the right. The 
patient developed peripheral edema during the course of treatment, so it is not 
likely that the change in the right eye was due to the loss of fluid. 


Comment: This is a most unusual case history and obviously a rare cause of pulsating 
exophthalmos. The response to stilbestrol was dramatic and with the disappearance of 
pulsation and exophthalmos one must agree with the authors that there must be a rela- 
tionship between the metastatic disease and the symptoms. 

ALBERT N. LEMOINE, JR. 
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BIOCHEMISTRY 


DISTRIBUTION OF ALKALINE AND ACID PHOSPHATASE IN 
THE PARTICULATE FRACTIONS OF THE RETINA 


MARIO DE VINCENTIIS AND MICHELE TESTA 


Biological Laboratory, Department of Uphthalmology, University of 
Naples, Italy 


J. Histochem. & Cytochem., 1959, 7: 393-394 


The phosphatase activities of fractions isolated from the retina by the tech- 
nique of fractional centrifugation were studied. Retinas of the ox were used. 
Homogenates (10 per cent) were prepared in cold 0.25 M sucrose using a Potter 
homogenizer. The Schneider and Hogeboom (J. Biol. Chem., 1950, 183: 123) 
technique of fractionation was used with some modifications. The sediment was 
washed twice and each time suspended in 10 ml. of 0.25 M sucrose and centri- 
fuged. The final sediment was suspended again in 0.25 M sucrose and called 
nuclear fraction (Nw). 

The supernate and washes from the nuclear fraction were centrifuged to 
obtain the mitochondrial sediment. The washed sediment was suspended in 
0.25 M sucrose and called the mitochondrial fraction (Mw). The Mw and Nw 
fractions were suspended at a concentration equivalent to 20 per cent, in terms 
of the original wet weight of the tissue. The fraction formed by the supernate 
and washes from fraction Mw contained the microsome fraction. To determine 
phosphatase activity the three fractions were incubated for 2 hours in veronal 
buffer containing 0.5 per cent sodium 8-glycerophosphatase. Inorganic P was 
determined on an aliquot part of the filtrate. 

The following observations may be made: (1) for both alkaline and acid 
phosphatase activities, the largest percentage of the activity is recovered in 
fraction S; (2) the nuclear fraction contains a greater percentage of alkaline 
than acid phosphatase activity; and (3) the mitochondrial fraction represents 
a greater percentage of acid than alkaline phosphatase activity. 

The biochemical results obtained in the present study are generally not in- 
compatible with the presence of phosphatase in the nuclei of the retina. However, 
it should be observed that in the so-called fraction Nw there are present not 
only nuclei of the granular layers of the retina, which undoubtedly represent the 
major constituent of this fraction, but also some erythrocytes, nerve fibers and 
nuclei of endothelial cells. The highest concentrations of acid and alkaline 
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phosphatase activities are recovered in the last supernate, which, under the 
present experimental conditions, contains microsomes as well as the main 
plasma. 


Comment: The work reported here was evidently designed to resolve the contradictory 
results of previous investigations. The analytical results show admirable precision, but 
their significance is questionable, particularly with reference to the specific point raised 
by the authors, namely the disputed presence of alkaline phosphatase in the nuclei of the 
retina. This question is somewhat clouded by the ambiguity, in the present context, of 
the italicized phrase. 

By the classical Takamatsu-Gomori method, alkaline phosphatase activity had been 
found in the nuclei of the granular layers of the retina, as well as in the plexiform layers 
and the vascular endothelium, whereas a diazo-dye technique revealed alkaline phos- 
phatase only in the vascular endothelium, more specific localization within these cells 
not having been achieved. It is obviously impossible to clarify this situation by examina- 
tion of particulate fractions of homogenized whole retina, for any enzyme activity found 
in the centrifugally separated nuclear fraction could just as well be ascribed to nuclei of 
the vascular cells as to those of the granular layers. 

This problem is further obfuscated by the results of studies on the histochemical 
differentiation of substrate-specific alkaline phosphatases in ocular tissues. Most at- 
tempts at cellular localization of enzymes have been made on tissues which have been 
fixed and embedded in paraffin, with inevitable concomitant partial denaturization. The 
alkaline phosphatase activity so located is generally substrate-nonspecific. In fresh- 
frozen sections of ocular tissues, Jonas Friedenwald and co-workers could find no evidence 
for the existence of such substrate-nonspecific activity, but they did find specific hexose 
diphosphatase and adenosine triphosphatase activity in the nuclear layers of the retina. 
These two were the only substrates to yield intranuclear reaction products with any 
regularity. 

The finding, by the diazo-dye technique, of substrate-nonspecific alkaline phosphatase 
only in the vascular endothelium suggests that this enzyme complex may be principally 
involved in the transfer of metabolites between the blood and the retina. This is largely 
speculative, however, although the likelihood of such involvement is strengthened by the 
finding of high levels of alkaline phosphatase activity in the choroid plexus and uveal 
membrane, which secrete the cerebrospinal and intraocular fluids, as well as in the in- 
testinal mucosa and the proximal tubules of the kidney. 

Whatever phosphatases may or may not be located in the nuclear layers of the retina, 
their significance with respect to retinal metabolism or visual chemistry remains obscure. 
Phosphatases are biologically ubiquitous enzymes, having been found almost everywhere 
they have been sought. As transferases, they play a role in many aspects of the me- 
tabolism of carbohydrates, lipids and proteins. Nucleic acid metabolism necessarily 
involves the action of several phosphatases, so that their presence in all active nuclei is 
mandatory. Phosphatases may also act to uncouple oxidative phosphorylation from other 
metabolic reactions, thereby possibly regulating the concentrations of inorganic phosphate 
and of phosphorylated metabolites. They are probably involved in the chemistry of 
vision, although this is largely as yet an uncharted field. 

G. Winston BARBER 
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BIOCHEMICAL STUDIES ON THE CHANGES OF THE 
CORNEA AND AQUEOUS HUMOR AFTER DEATH 


TUNEYUKI AOYAGI 


Department of Ophthalmology, School of Medicine, University of 
Tottori, Tottori, Japan 


Japanese J. Ophth., 1958, 3: 213-220 


The success of corneal transplantation is closely related to the freshness of 
the donor eyeballs, which must be enucleated and preserved as soon as possible 
after death. Removal of the eyeball after death is largely restricted by the 
national habits and religious influences and must be delayed for some time to 
get permission from the relatives of the deceased person. The present studies 
were intended to clarify the biochemical changes of the cornea and aqueous 
humor after death and to determine the best method of preserving the donor 
eyeball on the basis of the biochemical findings. 

From the experiments, which were carried out on enucleated bovine eye- 
balls, it appeared that reduced ascorbic acid and glutathione in the cornea 
and aqueous humor decreased gradually at room temperature. The rate of 
decrease was higher in summer than in winter. When the eyeball was preserved 
in various solutions, reduced ascorbic acid and glutathione decreased slowly at 
an almost equal rate. The highest rate of decrease was seen when the eyeball 
was preserved in a saline solution and the lowest rate of decrease was seen when 
it was preserved in serum. Again, when the eyeball was preserved in various 
solutions, the weight of the cornea increased gradually as a result of the ab- 
sorption of fluid both from the aqueous humor and from the preservative solu- 
tion. 

From these biochemical findings, it can be seen that the best method of preser- 
vation is to keep the eyeball in a low temperature and at a moderate humidity. 


Comment: The great variety of methods for storage of corneal tissue which have been 
investigated, and the diverse histologic, physiologic and biochemical criteria which have 
been used to estimate the viability of such preserved tissue have been reviewed frequently, 
notably by Buschke in 1951 and again by Nemetz in 1958. The only finally valid criterion, 
of course, is a successful transplantation, but since the clinical result can be affected by 
factors other than the state of preservation of the donor tissue, more direct methods for 
evaluating this particular factor will continue to be of interest. About all we can conclude 
from this paper is that the ascorbic acid and glutathione of the aqueous humor and cornea 
of enucleated eyes decrease on storage less rapidly at lower temperatures, and that the 
degree of hydration of the cornea increases when the eye is stored under serum, Ringer’s 
solution, or physiologic saline. 

As Buschke pointed out, successful transplantation seems to depend much more upon 
the maintenance of structural and functional integrity than upon viability as defined by 
such classical criteria as maintenance of respiration or of the chemical components of 
tissue. Buschke decided that the state of hydration and swelling of the preserved cornea 
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was the most pertinent physiologic criterion, being most closely related to the functional 
activity of the living cornea, and many methods of preservation have been directed to 
the maintenance of deturgescence by storage under anhydrous conditions, with lyophiliza- 
tion as the extreme example. 

In a series of recent papers, Stocker and his co-workers have investigated a variety of 
methods of storage, and have separately tested the viability of endothelium, stroma, 
and epithelium in tissue culture. Their conclusion is that a viable endothelium is of para- 
mount importance for a successful penetrating graft, whereas viability is probably of 
secondary importance to structural integrity in lamellar transplants. It has even been 
suggested that some loss in viability may be advantageous in the latter operation, in 
that a lesser degree of immune response in the host may be obtained. 

G. Winston BARBER 





PHARMACOLOGY 


RESPONSE OF THE CONJUNCTIVAL VESSELS OF DIABETICS 
TO “PRISCOL” 


Harry KEEN AND REDMOND SMITH 
St. Mary’s Hospital, London, England 
Brit. M. J., 1960, 1: 473-476 


Priscol, probably acting directly on the vessel wall, causes striking reddening 
of the normal eye when strong solutions are put into the conjunctival sac. 

Both eyes of 297 patients, 107 males and 190 females over 20 years of age, in 
the Diabetic Clinic at St. Mary’s Hospital were studied. Two concentrations of 
the drug, 1:500 and 1:650 in sterile distilled water, were used, a drop of the 
former in one eye and a drop of the latter in the other eye. Patients with corneal 
or conjunctival disease were excluded from the analyses. 

The mean response value for the higher concentration was found to be sig- 
nificantly higher than that of the lower concentration (x? = 15.049). 

The responses (r) increased with age. The degree of correlation between the two 
factors is significant in both sexes at the 1:500 concentration (men: r = 0.240, 
P < 0.05; women: r = 0.368, P < 0.05). At the 1:650 concentration the 
correlation between the response and age, though significant for women (r = 
0.237, P < 0.05), just fails to achieve significance at the 1 in 20 level in men 
(r = 0.202, P < 0.1). 

The relationship between duration of the diabetes and Priscol responses is 
poor and not statistically significant. 

Likewise no significant correlations were found between systolic and diastolic 
blood pressure and Priscol response at either concentration. 

To examine the contention of a lessened response to Priscol in diabetics with 
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retinopathy, patients with cataract were excluded from the analysis and the 
remainder divided into 4 groups on the basis of the appearance of the fundi: 
Group 1 had no microaneurysms, Group 2 had up to 5, Group 3 had 6 to 10, 
and Group 4 more than 10. The results of the chi squared test indicate the 
absence of a relationship between these two factors. This is confirmed by the 
fact that the proportion of poor Priscol responses (0 and +) was the same whether 
retinopathy was present or not in the patients of this study. 

A possible explanation of the findings may lie in de Roetth’s investigation 
into the influence of age and sex upon the rate of tear production (Arch. Ophth., 
49: 185, 1953). Assuming that sex and age exert a similar influence upon the 
rate of tear production in the diabetic, de Roetth’s results suggest the simplest 
explanation for our findings; for the higher the tear flow, the more effective 
would be the dilution and washing out of Priscol. This would account for the 
lower Priscol response in women and the increase in response with age. The 
most intense response to Priscol vasodilation which we saw was in a middle- 
aged woman with keratoconjunctivitis sicca who was excluded from the analysis 
because of this condition. 

Therapeutically, the findings would seem to indicate the need to consider age 
and sex in relation to the frequency of application and the concentration of eye 
drops. Furthermore, while in the young the effects of drugs upon the eye may 
be lessened by the greater tear flow, the systemic effects may be correspondingly 
enhanced by more rapid alimentary absorption. 


Comment: No correlation could be found by these authors between the response of the 
conjunctival vessels to locally instilled Priscol, the duration of diabetes and the level of 
arterial blood pressure. Nor was there any correlation between the response and the 
presence of diabetic retinopathy. One can be impressed by the apparent importance of 
the tear production in the response of the conjunctival vessels to the locally instilled 
Priscol. This is a fact which has been known for a long time but to which little attention 
has been paid. It may account, as the authors have pointed out, for the variations in 
response with age and sex. This may be important in the therapeutics of ocular disease 
where excessive tearing may be responsible for some ineffectiveness of locally instilled 
agents. 

Irvine H. LEopotp 
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WITH PARTICULAR REFERENCE TO THEIR 
END-ORGAN SPECIFICITY* 


A. HERXHEIMER 


London, England 
Brit. J. Pharmacol., 1958, 13: 184-192 


body weight of the subject before the first experiment. 


be relied on if one wishes to block the vagus nerve. 


* From Survey of Anesthesiology, 3: 571-572, 1959. 











A COMPARISON OF SOME ATROPINE-LIKE DRUGS IN MAN, 


Department of Therapeutics, St. Thomas’s Hospital Medical School. 


The usefulness of atropine substitutes in man is determined largely by their 
end-organ specificity. If a drug paralyzes all peripheral cholinergic effectors 
equally, it inevitably will produce more “side effects” than desired effects. To 
investigate whether drugs differ in the degree to which they affect different end- 
organs, atropine, methanthelinium (Banthine), propantheline, oxyphenonium 
(Antrenyl), hyoscine and hyoscine methylbromide have been compared in man. 

The subjects were 12 normal men between the ages of 22 and 35 years, and 
one man aged 50 convalescing from a gastric ulcer. Each subject received two 
to four different doses of each of two or more drugs. Doses were related to the 


After graded subcutaneous doses of the drugs, simultaneous observations were 
made on the heart rate, salivary secretion, pupil size, near point of accommoda- 
tion, micturition and palmar sweating, thus permitting a quantitative assess- 
ment of any differential effects of the drugs on the different end-organs. 

The study revealed that small doses which depressed salivary secretion and 
palmar sweating did not necessarily accelerate the heart or slow micturition. 
Atropine and hyoscine, which are tertiary amines, had a greater effect than the 
other (quaternary) drugs on the iris and the ciliary muscle, compared with the 
effects on the other end-organs studied. This difference may be related to the 
fact that quaternary compounds penetrate cellular membranes with difficulty. 

All the doses of hyoscine used produced drowsiness, and in many experiments 
the subjects felt giddy and confused. Drowsiness was also observed after the 
higher doses of the other drugs, with the incidence greatest after methanthe- 
linium and least after atropine. Flushing of the face occurred in over half the 
experiments, and was often accompanied by a sensation of warmth, the effect 
usually occurring 15 to 20 minutes after the injection. Uncomfortable dryness 
of the nose and eyes was noted in a number of experiments. Other symptoms 
that were reported occasionally included mild headache and epigastric discom- 
fort. Constipation on the following day occurred after three experiments with 
propantheline and oxyphenonium. In one subject extrasystoles were observed 
in five experiments, three with propantheline and two with oxyphenonium. 
Hyoscine never caused acceleration of the heart rate and, therefore, should not 
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The time course of the drug effects differed for different end-organs. The 
changes in heart rate, salivary secretion and sweating began and ended sooner 
than those affecting accommodation of the pupil. As the dose of a drug was in- 
creased, the peak effect on the heart rate and salivary secretion tended to occur 
sooner, but the peak effect on the iris and ciliary muscle always occurred later. 
It is suggested that the aqueous humor may be acting as a reservior for the 
drugs. The effects of propantheline, oxyphenonium, hyoscine and hyoscine 
methylbromide began sooner and reached their peak sooner than did those of 
atropine and methanthelinium. 


Comment: Six drugs are compared in their activity on six different sites, and in graded 
doses. Though this undertaking sounds impossible, the experimental design is excellent 
and the conclusions well analyzed. In an attempt to simulate clinical conditions, the 
author administered the drugs subcutaneously. The effect may differ therefore because 
of absorption rates, and this difference may not be related to the pharmacologic effect of 
the drug on the end-organs. The dosages of atropine employed are outside the range com- 
monly employed in the United States. 

Our own findings (Orkin, et al.: Anesthesiology, 1956) agree in the main with the au- 
thors, but differ in some details. In our study atropine or scopolamine was administered in 
doses of 0.4 mg. or 0.6 mg. per 70 kg. by the intravenous route. Slowing of the pulse was 
noted but this was followed by tachycardia with both drugs. The difference between sco- 
polamine and atropine at the 0.6 mg. level was not marked. However, there was little 
doubt that the vagal blockade was more intense and of longer duration with atropine. 
Nevertheless, the pupillary dilation, depression of salivation and amnesia (central nerv- 
ous system depression?) were more marked with scopolamine. In a separate study, the 
administration of 0.1 mg. of atropine during the course of normal cyclopropane anesthesia 
increased the pulse rates of 50 patients by 10 to 15 beats per minute. 

Louis R. OrKIN 





PHYSIOLOGY 


MODIFICATION OF X-RAY DAMAGE TO THE LENS BY 
PARTIAL SHIELDING 


ANTOINETTE Pirie AND 8. M. Drance 
Oxford, England 
Internat. J. Radiation Biol., 1959, 1: 293-304 
X-ray damage to the lens affects almost exlusively the germinating epithelium 
of the anterior surface. It has been demonstrated that shielding part of the 
lens from x-ray lessens the damage to the irradiated area. Since no movement 


of cells occurs between the lens and other tissues, this modification of the effects 
of irradiation must be due to actions of the cells of the lens, or to reactions 




















BASIC SCIENCES 73 


emanating from cells. In order to determine the reasons for this protection more 
exactly, rabbits eyes were irradiated, using two x-ray machines, and exposing 
the eyes both with and without partial shielding. 

Comparison of the number of mitoses and the number and distribution of 
cells in the irradiated and shielded areas at intervals up to 9 months showed no 
apparent cell migration from the nonirradiated to the irradiated part of the 
epithelium. Similar comparisons made between half- and wholly-irradiated 
lenses disclosed similar changes, but the period of overshoot of mitosis was 
greatest in the wholly-irradiated lenses. After 8 to 30 weeks, mitoses were fewer 
in irradiated than in nonirradiated areas, but the depression of miosis was 
greatest in the wholly-irradiated lenses. No changes in mitosis occurred in non- 
irradiated areas or in control lenses. Cell depletion was also greater in totally 
irradiated lenses than in the irradiated portions of half-irradiated lenses. 

We suggest that diminution of x-ray damage in partially shielded eyes is due 
either to diffusion of substances within the lens or from outside the lens, during 
or after irradiation. The fact that various substances are known to protect 
against irradiation injury suggests that the process may be of this type. 


Comment: With the increasing importance of radiation cataract, each new fact learned 
about pathogenesis places us a step nearer to rational therapy and may, indeed, provide 
information on other forms of cataract as well. The partial shielding experiment has 
demonstrated no migration of cells from the protected area to the irradiated area and a 
mitigating effect of the shielded cells on damage to the irradiated cells. This demonstrates 
both localization of radiation damage, and action at a distance of the protective agent— 
presumably a diffusible compound. Knowledge of these types of facts are a prerequisite 
for investigation of radiation cataract at the biochemical level. 

Atpert M. Ports 





MICROBIOLOGY 


FATAL AMEBIASIS COMPLICATING CORTICOSTEROID 
MANAGEMENT OF PEMPHIGUS VULGARIS 


Jack E1sert, Joun E. HANNIBAL, JrR., AND Saut L. SANDERS 


Department of Dermatology, Columbia University College of Physicians and 
Surgeons, and the Dermatology Service, Presbyterian Hospital, New York, 
New York 


New England J. Med., 1959, 261: 843-845 


Apparently there has been no mention in the literature of the effects of adreno- 
corticosteroids and ACTH on human infestation with Endamoeba histolytica, 
in either the acute or the carrier form. In the field of parasitology, however, 
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the activation of latent trypanosomal infection in Rhesus monkeys with cortisone 
has been reported. Activation of a latent malarial state in man and increase in 
the severity of the disease by ACTH and cortisone have been described. 

The present report describes a case of fatal amebic dysentery occurring during 
the corticosteroid management of pemphigus vulgaris. The patient presented a 
characteristic clinical picture of rapidly progressing pemphigus vulgaris, with 
extensive bullous and erosive lesions involving the axillary, inguinal and para- 
umbilical areas and the mouth. In addition there were similar lesions of the 
face, scalp and larynx; the conjunctivas were infected. Therapy consisting of 30 
mg. of dexamethasone by mouth and 40 units of ACTH gel intramuscularly 
a day led to temporary improvement. Ulcerations and bullous lesions of the 
rectum led to discontinuance of corticosteroid therapy while an attempt was 
made to determine the pathogenesis of the ulcerations of the rectosigmoid. 

The post-mortem findings of extensive amebiasis of the bowel raised the 
question of whether bullous lesions had been associated with this disease. There 
was no clinical evidence at the time of admission to indicate that the patient 
had active amebiasis. It may be assumed that his parasitic infestation was in a 
state of latency, and that the use of large doses of corticosteroids upset the 
host-parasite relation, with the outcome overwhelmingly in favor of the parasite. 
The exact action of steroids in an infectious disease is unknown although various 
theories have been suggested. These include inhibition of the functioning capacity 
of the reticuloendothelial system and antibody formation, suppression of the 
inflammatory response and the production of negative nitrogen balance. 

The presence of latent amebiasis and its possible activation through the 
administration of corticosteroids should be considered when one is confronted 
with unexplained diarrhea in a patient treated with these agents. 


Comment: It may be of considerable importance to ophthalmologists to note the effects 
of adrenocorticosteroids and ACTH on human infestation with Endamoeba histolytica in 
either the acute or the carrier form. The fact that a fatal case of amebic dysentery oc- 
curred during corticosteroid management of another disease is not entirely unexpected. 
In view of Braley’s suggestion that amebiasis may be responsible for some cases of macular 
disease, can we anticipate that this ocular complication of amebiasis may increase in 
incidence by virtue of the use of steroids? 

Invinc H. LEopotp 


REVERSING THE TIDE OF ANTIBIOTIC RESISTANCE 


EDITORIAL 


New England J. Med., 1960, 262: 578-579 


On the evidence suggesting that multiple-resistant strains of Staphylococcus 
aureus, so prevalent in hospitals today, are of enhanced virulence, both in their 
capacity to initiate infection and in the severity of the infection that they pro- 
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duce, Barber and her colleagues' at Hammersmith Hospital in London made a 
vigorous attempt to cut down the incidence of infection by such staphylococci. 
Because of the ubiquity of the staphylococcus and the impossibility of providing 
sufficient isolation facilities there, as in most large hospitals everywhere, these 
workers tried to break the vicious circle by introducing a controlled antibiotic 
policy designed to inhibit the emergence of drug-resistant staphylococci and to 
favor penicillin-sensitive strains. They combined this effort with strict applica- 
tion of various anticrossinfection measures that they had introduced previously. 
The results of the study of staphylococcal infections occurring at that hospital 
over a period of 15 months during which this combined attack was applied was 
reported recently.' 

The essential features of the controlled antibiotic policy involved: marked 
restriction of the use of all antibiotics for prophylactic purposes; strict limitation 
of the use of penicillin; and the general employment of double chemotherapy, 
each drug being used in full doses and only for definite indications. The use of 
penicillin was confined to certain areas and specified wards, where it was ad- 
ministered only from cartridge syringes in a manner that avoids spraying of 
the antibiotic into the atmosphere. For local application, preparations not 
suitable for systemic administration were used—for example, neomycin, baci- 
tracin, polymyxin and chlorhexidine. Early in the study these workers noted 
the development of resistance to both erythromycin and chloramphenicol in 
some strains during the intensive use of this combination, and it was therefore 
avoided thereafter. 

During the investigation 5239 patients were admitted to the study, of whom 
452 had staphylococcal infections. The total incidence per patient of all types of 
staphylococcal infections fell from 10 per cent to 7 per cent between January 
and July, 1958, and then remained stationary. At the beginning of the investi- 
gations 70 per cent of infections were resistant to both penicillin and tetracycline 
and only 12 per cent were sensitive to penicillin. At the end of the investigation 
36 per cent of the infections were resistant to penicillin and tetracycline and 48 
per cent were sensitive to penicillin. Most of the infections were localized and 
many were very slight, but generalized infections developed in 49 patients, 24 
of whom died; 44 of the generalized infections and 23 of the fatal infections were 
due to multiple-resistant strains, and 12 of the latter were in patients who had 
been transferred from other hospitals. 

Multiple antibiotics have been employed widely in this country also, but not 
always universally—or intelligently, or with strict measures against cross- 
infection. The use of more than one agent is imperative when one is dealing 
with streptomycin, erythromycin and novobiocin because these agents singly 
show a tendency to induce resistance rapidly in originally sensitive strains of 
staphylococci, and this is probably also true of the use of penicillin for infections 
with strains that are penicillinase producers but not initially highly resistant. 
However, if the development of resistance of these agents is to be avoided by 
their use in combination, each must be given in full therapeutic doses, and the 
infecting organism must be susceptible to each component of the combination 
that is administered. Fixed combinations should not be used for this purpose. 
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Until recently the use of chloramphenicol together with erythromycin, and 
more recently with novobiocin, was based upon the fact that staphylococci 
resistant to chloramphenicol had been very infrequent and that resistance to 
this agent developed in vitro more slowly than to other commonly used anti- 
biotics. However, the widespread use of erythromycin alone as well as in com- 
bination with chloramphenicol has led to an increasing frequency of occurrence 
of staphylococci resistant to erythromycin and also to chloramphenicol, some 
of the strains having become resistant to both. A similar situation may be 
expected if novobiocin is also used widely in the same manner, and even more 
so if it is used in combinations with penicillin or tetracycline. 

It may be pointed out that other agents like vancomycin would have little 
tendency to induce resistance by virtue of the fact that such resistance is difficult 
to produce in vitro and also because this antibiotic is given only intravenously 
and therefore is not likely to be very widely used. 

Barber and her co-workers! recognize the potential danger in the universal 
application of double chemotherapy because of the resulting increase in the use 
of antibiotics, particularly those with broad spectrums, the difficulty in thus 
keeping certain antibiotics in reserve and the possibility of thus increasing 
infections due to certain Gram-negative bacilli that are resistant to all agents. 
In fact, some increase in pseudomonas infections of the chest was noted by 
these workers in the second winter of their trial. Such widespread usage of 
multiple antibiotics, including those with broad spectrums, may have been an 
important factor in the recently reported great upsurge of infections due to 
proteus, aerobacter and other coliform organisms.? 


REFERENCES 


1. BarBer, M., et al.: Reversal of antibiotic resistance in hospital staphylococcal infection. 
Brit. M. J., 1: 11, 1960. 

2. FINLAND, M., Jones, W. F., Jr., AND Barnes, M. W.: Occurrence of serious bacterial 
infections since introduction of antibacterial agents. J. A. M. A., 170: 2188, 1959. 


DISSEMINATED CRYPTOCOCCOSIS PRODUCING A 
SARCOID-TYPE REACTION 


Tue Report or A Case TREATED WITH AMPHOTERICIN B 
Lee H. SxHreips 
Harrisburg, Pennsylvania 
A.M.A. Arch. Int. Med., 1959, 104: 763-770 
Most of the 300 reported cases of cryptococcus have been of the meningo- 


encephalic type; however, as laboratory methods have improved more local 
forms are being observed with increasing frequency. Patients with local forms 
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usually recover, but those with disseminated disease usually do not. The author 
reports a case of disseminated cryptococcus which recovered. 

Six weeks before admission she developed transient left shoulder pain with 
vesicles on the upper arms, which ruptured leaving ulcers. This stage was shortly 
followed by incapacitating pain in the left shoulder, hip, and ankle, and by 
sweating, frontal headache, chills, fever, and weight loss. Physical examination 
disclosed symptoms characteristic of arthritis and also tender, enlarged left 
axillary lymph nodes. Temporary fluctuating herpes zoster appeared along the 
right tenth thoracic segment. 

X-rays showed a mass at the right of the aortic knob, with widened superior 
mediastinum, and also destructive lesions in the tip of the left external malleolus, 
distal third of the clavicle, superior aspect of the glenoid of the left scapula, and 
also punched-out areas in the skull. Biopsy of the clavicular lesion showed 
lipoid granulomatosis, and sarcoid was suggested by similar examination of the 
axillary nodes. The possibility of fungus led to studies disclosing cryptococci 
in the left supraclavicular abscess, in the osteolytic lesion of the left malleolus. 
and in the sternal marrow and the spinal fluid. 

Amphotericin B was given intravenously, using an initial dose of 0.25 mg. per 
kg. daily and increasing the dose up to 0.75 mg. per kg., which was continued for 
34 days. Joint tenderness improved beginning on the 9th day, and the patient 
was generally very much better at the end of the course. 

Three months later she was readmitted, and cryptococcus was again found 
in the spinal fluid. Treatment with Amphotericin B with hydrocortisone and 
potassium again improved the patient’s condition, but 5 days after discharge 
she was again admitted with a picture of alkalotic tetany, some dehydration, 
and an enlarged spleen. She did well on fluid and electrolyte replacement, and 
for 5 months has remained well with only slight symptoms. 

Since it seemed that the mass found by x-ray in the upper right quadrant 
and the enlarged spleen might represent foci of infection, a laparotomy was 
performed. A liver biopsy was done, and two accessory spleens with enlarged 
regional lymph nodes were located in the gastrohepatic ligament. The patient 
became better after an operation removing the spleen and the enlarged lymph 
nodes, and has remained well except for mild polyarthritis for 4 months. 

Clinical and laboratory reactions to the fungicide can be minimized by giving 
the medication with the patient fasting, by diluting the drug to 1 mg. in 20 ce. 
of 5 per cent glucose in water, by giving the infusion slowly over 6 to 8 hours, 
by premedication with salicylates, barbiturates, antihistamines, antinauseants, 
and tranquilizers, and by giving hydrocortisone during the transfusion. None- 
theless, toxic reactions do occur, including flushing, restlessness, abdominal 
discomfort, nausea, vomiting, headache, chills, and fever. Blood urea nitrogen 
rises after each infusion, but other laboratory reactions are hard to separate 
from reactions due to the disease. 

This case was unusual in that mediastinal and regional adenopathy were 
present. Strong suggestions of Hodgkin’s disease were eliminated only by finding 
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the cryptococcus. The case also supports a growing belief that sarcoidosis may 
be nonspecific, occurring in relation to a number of diseases. 


Comment: This report is important to us ophthalmologists because it points out another 
possible cause for the sarcoid-type reaction. Although in this case it was due to crypto- 
coccus, it is now fairly well established that almost any type of substance—bacterial, 
chemical or other—can provoke the reticular endothelium to the production of sarcoid 
agents and that they in no sense are peculiar to any one animate or inanimate agent. 

Tuomas R. Hepaes, Jr. 


THE MECHANISM OF DEVELOPMENT OF RESISTANCE 
TO LYSOZYME BY SOME GRAM-POSITIVE BACTERIA 
AND ITS RESULTS 


W. BruMFItTT 


Wright-Fleming Institute, St. Mary’s Hospital Medical School, 
London, England 


Brit. J. Exper. Path., 1959, 40: 441-451 


Resistance to lysozyme—the name given by Fleming to a group of closely 
related enzymes—could be due to any of the following possibilities: (1) produc- 
tion by the organism of a specific lysozyme antagonist; (2) decrease or disappear- 
ance of lysozyme substrate, thus removing the site of lysozyme action; (3) 
increase in lysozyme substrate to such an extent as to diminish the effect of 
lysozyme; (4) the amount of substrate might remain the same but undergo 
some chemical modification making it insusceptible to the action of lysozyme. 

In the present study changes occurring in the cell wall of some Gram-positive 
organisms following the development of resistance to lysozyme have been in- 
vestigated. Highly resistant variants of Micrococcus lysodeikticus, Bacillus 
megatherium and Streptococcus faecalis were obtained by serial subculture on 
nutrient agar containing increasing amounts of egg-white lysozyme. Detailed 
chemical analysis of cell walls prepared from sensitive and resistant strains of 
M. lysodeikticus and B. megatherium showed that acetylation of hydroxyl groups 
of the substrate polymer was apparently the only change which determined 
resistance. The genetic modification of lysozyme resistant strains of M. lyso- 
deikticus and B. megatherium consists in the ability to acetylate cell wall hydroxyl 
groups. 

The cell wall polymer which forms the lysozyme substrate is composed of two 
amino sugars, N-acetyl glucosamine and N-acetyl muramic acid. In the most 
resistant strain of M. lysodeikticus there was a 1:1:1 molar relationship between 
N-acetyl glucosamine, N-acetyl muramic acid and O-acetyl. Acetylation of 
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hydroxyl groups was found to play no part in the natural resistance of 
Staphylococcus aureus to lysozyme. 

Conventional pathogenicity tests were used to compare resistant and sensitive 
strains of M. lysodeikticus and S. faecalis. Lysozyme-resistance did not enhance 
the virulence of these two organisms. In mice no difference could be shown 
between the pathogenicity of sensitive and resistant strains either by intra- 
peritoneal challenge or by the technique of intramuscular injection. 

The role of cell wall teichoic acids in lysozyme resistance must await further 
investigation. 


Comment: It is essential for more information to be acquired concerning how micro- 
organisms become resistant. The present studies were an attempt to understand the 
biochemical basis of the resistance mechanism to enzymes such as lysozyme. There are 
several main mechanisms by which an organism may become resistant to inhibitory 
effects of the drug. The surface properties of the cell may be such that the drug cannot 
penetrate. As we have seen in this study, the surface properties of the cell wall may be 
altered so that the enzyme can no longer act. The cell may possess a means of destroying 
the enzyme or drug before it exerts its effect. It is known that the mucopolysaccharide 
which is the lysozyme substrate has been shown to be situated in the bacterial cell wall. 
Lysozymes thus are therefore antibacterial agents for which a substrate is known and 
can be estimated quantitatively. These studies do demonstrate that, by chemical analysis 
of the cell walls, a change does occur which may be related to the resistance of the organ- 
ism to splitting by the enzyme lysozyme. These studies once again demonstrate that the 
cells are capable of adapting in a way which will allow self-protection and permit survival. 
It remains important to find out how the individual cell acquires this resistance and to 
what extent and by what means the property of resistance is passed on to off-spring cells. 

It may be of interest that in none of these studies were the authors able to demonstrate 
that any of the resistant strains produced inactivation of the lysozyme. Whether this has 
any relationship to ophthalmic practice at the present moment is unanswered. It is quite 
possible that some of the organisms which are initially sensitive to lysozyme become 
resistant to the enzyme in the fashion demonstrated by the investigators. 

Irvinc H. LEopotp 


SUDDEN DEATH DUE TO MYOCARDIAL SARCOIDOSIS 
WITH A COMMENT ON THE ETIOLOGY OF SARCOID 


Tuna Pur Poon anp Witey D. Forsus 
Durham, North Carolina 


A.M.A. Arch. Int. Med, 1959, 104: 771-778 


Up to 1958, only 33 cases of sarcoid of the heart had been reported. Of these 
15 died suddenly, usually at the age of 40 or over. No mortality has as yet been 
observed among children, and the incidence appears to be higher among men 
than among women. Most of the reported cases were from Scandinavia or south- 
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eastern United States, and the latter were usually among Negroes. Two more 
cases are described in this paper, one a man and one a woman, both white, and 
both died suddenly. 

The first patient was a medical student aged 24 at the time of death. He had 
first noted nodules in one arm at the age of 12, and shortly afterwards nodules 
in the groin were diagnosed as sarcoid. At 22 decreased exercise tolerance led to 
diagnosis of heart block, followed shortly by atrioventricular dissociation. Five 
months before death a lump in the neck was identified as sarcoid. As heart block 
became complete, sarcoid of the heart was suspected. The patient died at work. 
Autopsy disclosed gray infiltration in the left and right ventricles, papillary 
muscles, septum, and infundibular portion of the pulmonary artery, as well as 
involvement of parts of the lungs and some mediastinal lymph nodes. Histologic 
study showed severe sarcoid granuloma, but no etiologic agents could be dis- 
covered. 

The second patient was a 40-year-old woman who had an exploratory laparot- 
omy in 1952, appendectomy in the next year, an episode of pleurisy with fever 
in 1955; in 1956 cough and substernal pain led to a diagnosis of pulmonary 
stenosis, at first attributed to tuberculosis. Tests for tuberculosis were, however, 
negative, and examination of a portion of the lung which was then surgically 
removed showed no acid-fast bacilli, tuberculosis, or fungi in the granulomatous 
inflammatory lesion. Six months before death electrocardiograms showed sinus 
arrhythmia, auricular premature contracture with aberrant ventricular response, 
and right bundle-branch block. The patient’s course was downward, and she 
died suddenly at work in 1958. Autopsy disclosed sarcoidosis involving similar 
areas to those discovered in the first case but again no etiologic agents. 

Investigators have not established any specific cause for sarcoidosis, and the 
number of possible etiologic agents which have been suggested are startlingly 
numerous and varied. It seems to us that all granulomatous inflammations 
represent a complex response of the reticuloendothelial cell to some widely 
disseminated substance or substances which are not peculiar to any one agent. 


Comment: The authors report 2 cases of sudden death due to myocardial sarcoid 
granuloma, bringing the total cases on record to 17, and point out the lack of evidence 
for any specific etiologic factor as causation for sarcoid. They feel that the pathogenesis 
of all such granulomatous inflammations is a complex response of the reticuloendothelial 
cell to a variety of stimuli most likely of a chemical nature or substances which are widely 
disseminated in nature but not peculiar to any one animate or inanimate object. 

Tuomas R. Hepaes, Jr. 














Miscellany 








EDITOR’S VOICE 
Eye, Ear, Nose & Throat Month., 1960, 39: 67, 68 


Retinal dynamometry is defined by Daily and Daily (Texas J. Med., 55: 
419, 1959) as the method of taking the blood pressure in the central retinal 
vessels. It is their opinion that by means of dynamometric data and Weigelin 
formulas, diagnosis of the type of vascular disturbance is possible. The method 
is similar to sphygmomanometry, except that in taking the blood pressure at 
the elbow we hear or feel the pulse beat of the vessels while in the eye we see the 
pulsation of the retinal artery and vein. It may be possible by dynamometry 
to render a diagnosis in some obscure vascular disturbances, but one must 
become familiar with the technique of application of the ophthalmodynamom- 
eter and be able to interpret the results. Weigelin claimed particular merit 
for functional retinal dynamometry for patients who complain of headache for 
which the internist does not find a cause. Weigelin’s formulas are not valid in 
diseases of the central nervous system and if the intraocular tension or the 
intracranial pressure are pathologically elevated. Although Weigelin’s premises 
as yet are not generally accepted and not completely verified, they point out 
the possibilities afforded by the dynamometric examination advocated by 
Bailliart for 40 years, according to the authors. 


ows 


Now and then old subjects are rehashed and probably with good intent. The 
prophylaxis of ophthalmia neonatorum has come to light again and was thor- 
oughly considered and reconsidered by the American Academy of Pediatrics in 
some of its more recent sessions. The committee, charged with the decision, 
weighed the various factors and concluded: 

1. That gonorrheal ophthalmia still constitutes definite hazard to the new- 
born infant. 

2. That silver nitrate has amply demonstrated its effectiveness as a prophy- 
lactic of gonorrheal ophthalmia. 

3. That the occurrence of nonspecific conjunctivitis does not, of itself, con- 
stitute adequate reason for change. 

4. That the routine use of antibiotics may introduce further problems refer- 
able to control of infections in newborn nurseries. 

Therefore, the Committee on Fetus and Newborn recommends that the 
routine use of 1 per cent silver nitrate for prophylaxis of gonorrheal ophthalmia 
be continued. 
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CLASSIC HISTORY 


ANCIENT MEDICAL JURISPRUDENCE WITH SPECIAL 
REFERENCE TO THE EYE 


BENJAMIN LEE GORDON 
Allantic City, New Jersey 
Hebrew M. J., 1959, 2: 210-230 


The principle of retaliation is the essential characteristic of ancient legal codes. 
According to that of Hammurabi, when a man struck a pregnant woman and 
so caused miscarriage, his daughter had to be executed; if a house collapsed and 
killed the son of the proprietor, the builder’s son was put to death. The Baby- 
lonian code recognized only the surgeon, for the practice of medicine was in the 
hands of the priest. The patient was allowed the return of his fee if an operation 
was not successful. If a surgeon caused the loss of an eye, his hand was cut off. 
The Persians were more lenient. Only after three unsuccessful operations was 
the surgeon punished and then merely disqualified from further practice. 

In ancient Egypt, if a patient’s death resulted from any deviation from set 
rules, the physician was guilty of a capital offense. The Hebrew injunction, 
“an eye for an eye’’, was only enforced when the assault ended in loss of life. 
Petty injuries were punished by fines varying with the dignity of the injured 
person. If a patient died in the course of treatment, the physician had to depart 
to the “free cities’ and remain there as long as the High Priest was alive. Liability 
for malpractice was 5-fold—remuneration for loss of function, for pain, for loss 
of time, for disfigurement and for medical services. A physician who offered his 
services free was not trusted. ‘‘A physician who takes nothing is worth nothing.” 

A Chinese physician who lost a royal patient in the course of treatment was 
buried alive with his dead patient—a practice which continued till 1650. In 
contrast, the Hindu physician enjoyed special consideration. The professional 
attainments demanded by the Hindu code of medical ethics tended to reduce 
mishaps to a minimum. The ancient Hindu mode of couching cataracts has 
survived in India to the present. Said Susruta: “Stupid people are more easily 
cured than the intelligent because the first are more obedient to instructions.” 
The physician was advised “to wear his hair short, to keep his nails clean and 
closely cut, and to wear a sweet-smelling dress.” 

Both Greek and Hindu separated metaphysics from medicine at an early date 
and both developed a superior code of medical ethics. In Greece, Empedocles 
introduced the doctrine of the four elements (earth, air, fire and water) as the 
basis of all things. This led to the humoral theory of disease, first. elaborated by 
Alcameon. The ethical advances of Hippocrates were self-enforced and were 
never regulated by state ordinance. Said the master: ‘The physician’s duty is 
to watch and foresee the change in his patient, to assist and not to hinder nature, 
so that the sick man may conquer the disease.”’ 
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toman medicine was at a low ebb until the conquest of Greece. After the 
destruction of Corinth (146 B.C.) a large number of Greek physicians were 
brought to Rome. Pliny was against these foreign healers. ‘**The Roman people,” 
he stated, ‘in extending its empire are the conquered, for now we obey the 
natives of foreign lands, who, by the agency of a single art, have out-generaled 
our generals.”’ His rancor led to his compilation of a formulary called ‘Medicina 
Plinii,” intended as a sort of self-treating devise. Owing to the efforts of Antonius 
Musa, a disciple of Asclepiades of Prusa, Julius Caesar bestowed citizenship on 
Greek physicians. Musa was fortunate also in curing Augustus who expressed 
his appreciation by exempting all physicians from taxation. The Romans were 
the first to experiment with socialized medicine, giving the poor free medical 
treatment. The leading government physicians were known as archiatri, from 
which the German Arz/ is derived. 

The fall of Rome was a death blow to medical science. Medicine degenerated 
to dogmatism and was practiced mostly by monks. The Visigoths, who had 
overrun Europe, demanded that the physician make a pledge of cure before 
taking a patient. No physician was allowed to visit a prisoner lest he defeat 
justice by furnishing him with poison. The early Christians held that the physi- 
cian is only a messenger of God and cannot be responsible for injury or death 
occurring during the course of treatment. Penitence and prayer were the only 
means that could change the fate of a person, once he was marked to be sick. 
A textbook on diseases of the eye, written by Demosthes Philalethes, who 
flourished at the time of Nero, was in use down to the 14th century. 

The Mohammedans, who were even more fatalistic, were lenient with mal- 
practicing healers. An Arab, who had called in a veterinary to attend his eyes, 
lost his sight. The judge decided against him. “If the patient had not been an 
ass,”’ he said, “he would never have employed a horse doctor.’’ Maimonides, in 
combatting the idea of predestination, threw his weight on the side of the Islamic 
Mutazalites. 

Up to the 12th century the Church and the lay physicians were in continuous 
strife. The priests diluted the art of medicine with religion, magic and astrology, 
while the lay physicians practiced straight Galenic medicine. After the Council 
of Tours in 1163 prohibited monks from operating, the practice of surgery fell 
into disrepute and was relegated to barbers. The barber poles painted with red 
and white stripes (symbolic of blood and bandages) data from this period. 
Surgery was still not without risk to the practitioner. In 1337 an “‘oculist’’ was 
drowned in the Oder river because his couching operation on John of Bohemia 
resulted in blindness. 


Comment: Retaliation is still the primary motivation in most suits for malpractice. 
The qualified and ethical ophthalmologist, who is assiduous in the care of his patients 
and especially kindly and attentive to cases that are not doing well, will seldom if ever 
be thus threatened. 


James E. LEBENSOHN 
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I, INTRODUCTION 


The advantage of the measurement of intraocular pressure by means of the 
Schiétz tonometer consists in its applicability to clinical work. One is thus enabled 
to get data more accurate and reliable than have been obtained in the laboratory, 
where the measurement is made on animals by connecting with a manometer a 
canula or hypodermic needle introduced into the anterior or posterior chamber 
of the eye. 

The introduction of a cannula into the eye means a severe trauma to this 
most. delicate organ. Such a trauma, I believe, must disturb at least for a certain 
length of time, the entire mechanism of circulation of intraocular fluids. Even 
the mere application of the tonometer on the eye, doubtless, produces a certain 
amount of traumatism, but this is inconsequent compared with that due to 
entering the eyeball with a cannula or a needle. 

Since Prof. Schiétz’s second article on tonometry a number of very valuable 
contributions discussing various questions in connection with the intraocular 
pressure has appeared. Some of the questions, as stated above, have been partly 
cleared up, but many have been left untouched. One of these is the following: 
What is the normal rate of drainage of intraocular fluids in animal and human 
eyes, and how is this rate of drainage affected in glaucomatous eyes? 

All who have had experience with the tonometer have observed that when 
this instrument is continuously applied on the eye for a certain length of time, 
or at very short intervals, it registers a gradually decreasing intraocular pres- 
sure—.e., the eye becomes gradually softer. The rational explanation of this 
phenomenon is that the weight of the tonometer expresses a certain amount of 
fluid from the eye, thereby reducing its hardness. It is interesting to note that 
this fact has not been utilized in studying the drainage system of the normal 
and glaucomatous eyes. If by applying a weight on the eyeball, it is possible to 
express from this organ a certain amount of fluid, it is evident that there are 
channels in the eye through which this fluid is expressed. 

It is almost universally admitted that the intraocular fluids are constantly 
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renovated by a continuous slow flow of liquid which enters the eyeball and 
also by a continuous, just as slow exit of liquid. From the time of the researches 
of Leber and his pupils down to the latest work on this subject by Wessely, it 
is practically admitted by all ophthalmologists that normally fluid drains from 
the eyeball at the same rate at which it flows into the eye, that the “intraocular 
pressure is obviously a function of the volume of the contents of the globe and 





Dr. M. J. SCHOENBERG 


that, the variations in internal pressure must be due to changes in the amount 
of fluid (blood and lymph).” 

In eyes in which the draining function is more or less interfered with, there 
is a loss of balance between the two main factors (in and outflow) regulating 
the intraocular pressure. The ocular fluid cannot leave the eye at the same rate 
as it does normally and the fluid contents of the eyeball will have a tendency to 
increase in amount, consequently the intraocular pressure will increase also. 
Supposing that a weight would be constantly applied on an eye with its drainage 
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system in good order, that weight will gradually express from that eye a certain ' 
amount of fluid in a certain number of seconds. If the same weight is applied 
on an eye with its draining system partially obstructed (simple glaucoma), it 
will take a longer time to express the same amount of fluid. Finally, if the same 
weight is applied on an eye with its drainage entirely obstructed (absolute 
glaucoma), no matter how long we wait no fluid is expressed from that eye. 
Imagining that instead of the weight we use the tonometer, we readily see how we 
can judge at the same time the amount of fluid expressed from the eye by read- 
ing off the tonometric scale the degree of decrease of intraocular pressure when 
the tonometer is applied steadily for a certain time. Ina normal eye the tonom- 
eter shows that the intraocular pressure is gradually decreasing at an average 
which we call normal; in an eye with an impaired drainage the weight of the 
tonometer still expresses fluid but at a much slower rate, and in an eye with 
absolute glaucoma the weight of the tonometer produces no decrease of the 
intraocular pressure. 

l'rom the above, it is seen that the tonometer may be utilized for the accurate 
measurement, not only of the intraocular pressure, but also of the index of ocular 
drainage. 

The index of ocular drainage may be defined, in general terms, as the rate or 
rapidity with which the ocular fluid may be expressed by the weight of the to- 
nometer applied on the eye. 

Since I began to measure the ocular drainage in animal and human eyes, I 
have become convinced that the mere measurement of intraocular pressure, 
while very helpful in the diagnosis of certain cases of glaucoma, is a procedure 
which may be incomplete and misleading unless the index of ocular drainage is 
measured at the same time. It is misleading in those cases which have only oc- 
casionally a high intraocular pressure. If the tonometer happens to be applied 
during one of the intervals when the intraocular pressure is not above the normal 
limit, we may be induced to believe that the eye is normal. In fact, clinicians 





no longer rely upon a single examination. In suspicious cases, they have the 
intraocular pressure measured repeatedly. It is not improbable that in some ; 
cases the examinations should be made during the intervals when the intraocular 
pressure is not high. In such cases, the mere taking of the intraocular pressure 
with the tonometer is a crude and incomplete procedure. 

The mere satisfaction of proving that the intraocular pressure of an eye is 
below 27 mm. Hg., 7. e., within normal limits, is sometimes deceiving and such 
an examination is incomplete. On the one hand, a low intraocular pressure does 
not exclude the presence of glaucoma, because the examination may happen 
to be made during an interval of nonirritability or because the original interocu- 
lar pressure of the eye, when normal, was very much lower than the one now 
found. On the other hand, the measurement of the intraocular pressure is in- 
teresting only in so far as it reveals the condition of the safety devices which 
such an eye possesses for keeping its draining system in good order. In other 
words, the measurement of the intraocular pressure alone throws some light 
upon the condition of the drainage system of the eye. This light is very dim, 
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however, because the drainage capacity may be impaired to some degree and 
still the intraocular pressure may not exceed the normal limit. Therefore, a cor- 
rect idea about the normal condition or about the state of impairment of the 
mechanism regulating the intraocular pressure, can be obtained only when we 
consider both the intraocular pressure and the index of drainage of the ocular 
fluids. The elucidation of this point is of great importance in the early diagnosis 
of glaucoma, when the various complaints of the patient are vague and indefinite 
and the information furnished by a most careful examination is very doubtful. 

As to the method of examination for the index of ocular drainage, a correct 
technique is necessary and all possible precautions must be taken in order to 
avoid errors. The method which I have used in examining the rate of ocular 
drainage is as follows: 

For rabbits, an assistant takes the rabbit on his lap and holding it stretched, 
fixes the head in such a manner that one eye is directed as nearly straight up- 
ward as possible. Another assistant, with a watch before him, records the initial 
intraocular pressure shown by the tonometer and the exact time in seconds at 
which the examination is begun. He then notes the number of seconds it takes 
the handle to move from the one division of the tonometric scale to the next 
one. The examination ends when the animal becomes restless or when the handle 
of the tonometer does not move while the instrument is applied for over 120 
seconds. In human eyes the examination is made with the patient lying on a 
couch or a table. 


II. INTRAOCULAR DRAINAGE IN RABBITS 


It seems logical to expect that the same weight applied on the same eye will 
press out the same amount of fluid each time, in the same length of time. In 
reality it is not so, and the above tables, though very few, are suggestive with 
regard to the variability and relative instability of the draining mechanism of 
the eye. 

From this apparent inconstancy of the index of drainage of intraocular fluid, 
one important observation may be made, namely: in all the eyes examined, 
drainage was present and fluid was expressed each time the tonometer was 
applied for a certain length of time, 

It will be seen later that this is not so in glaucomatous eyes. 


III. MEASUREMENTS OF OCULAR DRAINAGE IN HUMAN EYES WITH NORMAL 
INTRAOCULAR PRESSURE 


On account of the readiness with which patients with optic atrophy, submit 
themselves to repeated examinations, I have measured the intraocular pressure 
and the ocular drainage in three patients with optic atrophy. Their intraocular 
pressure and the ocular drainage in three patients with optic atrophy. Their 
intraocular pressure does not seem to differ from that of perfectly normal eyes 
and the findings have given me valuable data with which to compare the tables 
furnished by numerous examinations of the intraocular pressure and of the index 
of ocular drainage in six glaucomatous patients. 
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From the tables of ocular drainage tests made on these three patients with 
optic atrophy (and with normal intraocular pressure) we see: 

(1) That in these eyes, as in rabbit’s eyes, the time required for a given amount 
of intraocular pressure to descend a certain number of millimeters of mercury 
is not the same in every patient. 

(2) The same eye of the same patient does not exhibit the same index of 
drainage when examined at various intervals. In the first patient, the intraocular 
pressure went down from 13 to 11.5 in 62 seconds on January 8th, in 65 seconds 
one week later, in 70 seconds five minutes later, etc. 


IV. MEASUREMENT OF INTRAOCULAR PRESSURE AND DRAINAGE IN 
GLAUCOMATOUS EYES 


Group A. Simple Glaucoma 


Patient 4. The drainage system of the eyes of this patient seems to be in per- 
fect order as long as a miotic is used and the pathological changes in the eye, 
wherever they may be, are very readily influenced by the use of pilocarpine. 
Parallel with the decrease of intraocular pressure we find an increase in the 
rapidity of ocular drainage. Ocular drainage suffers and grows less and less when 
the use of the miotic is stopped. 

The readiness with which the ocular drainage is normalized and the intra- 
ocular pressure is reduced by the use of pilocarpine is strikingly indicative of 
the way these particular eyes will stand glaucoma. In this patient, neither the 
field, nor the acuity of vision has suffered during the year we have kept him 
under observation. 


Group B. Cases with Absolute Glaucoma in Which Ocular Drainage Has 
Been Measured 


In these four cases, contrary to what we have seen in patient 4, the use of 
miotics could not re-establish a normal ocular drainage. 


Group C. Measurement of Ocular Drainage In Patients With Suspicious 
Glaucoma 


Patient 9. It is interesting to note that the right eye with the same intraocular 
pressure (18.5) on February 7th and March 22d, exhibited a normal capacity of 
drainage at the first examination and almost a complete stoppage during the 
second examination. The complaint of the patient of feeling an uneasiness in 
the right eye (the good eye) and the momentary impairment of the normal drain- 
age are the only points leading us to suspect a prodromal stage of glaucoma in 
the good eye. Otherwise, neither the ophthalmoscope and field of vision nor the 
measurement of intraocular pressure would give us any help in the diagnosis. 

Patient 10. In this case the question was whether the left eye is just starting 
on the same glaucomatous career as the other eye (with absolute glaucoma) 
did two or three years ago. Aside from the very indefinite complaint of the pa- 
tient, that her vision is occasionally dim, we had no reason to think beginning 
of a glaucoma in the good eye. The acuity and field of vision, as far as could be 
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determined in this patient, were normal and not receding during the ten months 
we have had her under observation. The pupil reacted well to light and accom- 
modation and the fundus showed nothing abnormal. The i. o. pressure was al- 
ways “within the normal limits” (16-26). The only disquieting phenomenon 
was the impairment of the ocular drainage on March 2, and April 10, 1912. I 
saw the patient again during Jan., 1913, suffering from an acute glaucoma of 
the left eye. 

Patient 11. This patient is interesting on account of the difficulty experienced 
in deciding the presence or absence of glaucoma in the left eye. She gave a history 
suggestive of prodromal glaucoma: occasional pains in the left eye, dimness of 
vision, the seeing of various colors around the gas flame. The field of vision was 
about 20 degrees concentrically contracted in both eyes, but more limited nasally 
on the left eye. Both disks were deeply excavated (physiologic excavation?). 
On the other hand she was markedly neurasthenic and too much importance 
could not be attached to her complaints. Her vision was good and could be 
improved to 20/30 plus with glasses. The intraocular pressure was within the 
normal limits in both eyes. The opinions of other two ophthalmologists (A and 
B) of very wide experience was respectively, A: “No glaucoma”’; B: “Glaucoma.” 

The careful study of the behavior of the intraocular pressure in the eyes of 
this patient and the repeated measurement of the ocular drainage, made the 
suspicion of prodromal glaucoma very plausible. The reasons are: 

A. The intraocular pressure of the two eyes was always found to be different. 
Those who have made careful examinations of the intraocular pressure in a 
large number of cases have gained the knowledge that the intraocular pressure 
is usually the same in both eyes. 

The mere fact that the intraocular pressure of an eye is within “normal” 
limits cannot be considered as conclusive, in my opinion, with regard to the 
quest on whether that amount of intraocular pressure is normal. This can be 
determined only by a comparison of the intraocular pressure and of the draining 
test of one eye with that of the other. 

Patient 12. The miotic has reduced the intraocular pressure in the right eye 
from 60.5 to 27 and the patient assured me that in three years he has not seen 
as clearly as now. The ocular drainage however, was not so greatly influenced. 
In the left eye with the iridectomy, the miotic reduced the intraocular pressure 
and improved the rate of drainage. The right eye, as we see, responds readily 
to the miotics by a reduction of the intraocular pressure, but by no improve- 
ment of the drainage capacity. 

Of the three groups of patients with glaucoma, the third one is the most in- 
teresting. The measurement of intraocular pressure and ocular drainage is im- 
portant mostly for the establishment of a diagnosis in suspicious cases of glau- 
coma. In this group of cases in which the measurement of acuity and field of 
vision, as well as the ophthalmoscopic examination, could not advance the diag- 
nosis even one step further, the method of measuring the rate of ocular drainage 
is perfectly welcome if it can help throw any light on the condition of these 
eyes. It is interesting to note that while the intraocular pressure in these eyes 
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with suspicious glaucoma is within normal limits, the measurement of ocular 
drainage shows a reduced rate. 


SUMMARY 


The degree of intraocular pressure depends in a great measure on the integrity 
of the draining system of the eye, and the examination of the rate of ocular 
drainage is of more importance than the simple measurement of the intraocular 
pressure. The rate of ocular drainage can be measured by the aid of the Schiétz 
tonometer in animal and human eyes with a certain amount of accuracy. 

Normal eyes have an ocular pressure and a rate of ocular drainage varying 
within relatively wide limits; glaucomatous eyes have some impairment in the 
function of the draining system. It is safe to suppose that in incipient or pro- 
dromal glaucoma, the draining system may be undergoing slight alterations 
which, though too small to raise the intraocular pressure above the upper limit 
of the normal, yet sufficient to be discernible by the measurement of the rate of 
ocular drainage. There are patients with eyes in a condition of latent glaucoma 
in which the intraocular pressure is within normal limits—about 15 to 26 mm. 
Hg. The diagnosis in such cases can be cleared up to a certain extent by the 
measurement of the rate of ocular drainage. 


Comment: Schiétz in 1908 observed that the tension became reduced when the tonometer 
set for some minutes on the cornea. In 1911, Polak-van Gelder discovered that, to produce 
the same fall of tension in this manner, glaucomatous eyes required a greater weight of 
the plunger assembly than normal eyes, and she suggested this finding as a diagnostic 
test. Since Schoenberg’s paper, his simple method of assessing the drainage mechanism 
has been studied further. Wegner reported in 1925 that the Schiétz tonometer with the 
5.5 gm. weight caused the tension of the normal eye to fall in five minutes to one-third 
to one-half its initial value; and that the relative drop in tension was constantly less in 
glaucomatous eyes. In 1953, Blaxter recorded the tension reading 15 seconds after the 
application of the tonometer as B, and four minutes later as C. The change in tension 
(B-C) divided by B was designated as the outflow fraction, and was over 30 per cent in 
the normal eye. A lower percentage signified a serious obstruction to outflow and, if the 
eye had been under miotic therapy, demonstrated the need of a filtering operation. In 
1950 Grant utilized the electronic tonometer to determine the normal coefficient of aqueous 
outflow, after which he applied this method, named by him tonography, to glaucomatous 
eyes. No nonglaucomatous eye revealed an outflow coefficient of less than 0.14, the 
variation in normal eyes being 0.14 to 0.56. Methods that test the facility of aqueous 
outflow, tonography or the bulbar pressure test of Blaxter, provide an important advance 
in the early diagnosis of chronic open-angle glaucoma. 
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Biographical Note 


Mark J. Schoenberg (1874-1945) was born in Rumania, graduated from the Bucharest 
University Medical School, and, after 2 years of postgraduate study in Vienna and 
Germany, emigrated to New York City. In a relatively short time he became associated 
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with the Knapp Memorial Eye Hospital, the eye clinic at Mount Sinai Hospital and the 
eye staff of Columbia University Medical School. From 1912 he labored on the early 
detection of glaucoma; collaborated later with Loewenstein on pupillography applied to 
glaucoma and with Posner on the standardization of tonometers; and in 1935, with the 
cooperation of the National Society for the Prevention of Blindness, inaugurated glaucoma 
clinics in New York City. In 1914 he was awarded the Lucien Howe prize for his experi- 
mental studies on ocular anaphylaxis. In 1919 he reported the first case of bilateral retino- 
blastoma in which the nonenucleated eye was treated with radium and maintained useful 
vision during a 10-year period of observation. He observed Gonin’s work at Lausanne 
and was the first to perform the Gonin operation for retinal detachment in the United 
States. He founded the New York Society for Clinical Ophthalmology and was its first 


president. 
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Dictionary of Visual Science, by ScuapeRo-CiINeE-Horsrerrer. 758 pp., 
$15.00. Chilton Co., Philadelphia, 1960. 

This dictionary represents an attempt to compile a modern listing of terms 
used in all fields relating to visual science. This volume should represent a valu- 
able and reliable reference for those directly concerned with vision as well as 
for those concerned with visual aspects of other related fields. 

This is largely the effort of optometrists and several ophthalmologists and 
psychologists. Emphasis throughout the book has been placed on essential 
definitions of terms rather than on encylopedic elaborations. The cost of preparing 
this text was largely supported by the Los Angeles College of Optometry. Other 
groups such as the American Optometric Foundation and The American Acad- 
emy of Optometry helped to defray the secretarial expenses. 

The book is small. The print is easy to read and it may prove quite useful 
to have readily available such a compilation of terms used in visual science. 
There are 785 pages, neatly bound, and it should be able to withstand consider- 
able use to which this text will no doubt be subjected. 

Irvine H. LEopotp 


Augenhohlenplastik, Pror. Dr. I. Csapopy. Ed. 2. Verlag der Ungarischen 
Akademie Der Wissenschaften. 

Professor Csapody has repaired 170 anophthalmic sockets and this monograph 
reports his experiences. In outlining the evolution of socket reconstruction he 
states that pedicle skin flaps are no longer used, and that Esser’s method of 
introducing a free skin graft (sutured raw surfaces outward) over a round con- 
former to be placed in the socket is now used less than formerly. He mentions 
that socket restoration may be performed with a tube graft from the patient’s 
arm, which he terms the Russian method. 

His own method uses an ophthalmopedic device, composed of two pieces which 
look roughly like a divided metallic eye cup. They are hinged together with an 
adjustable screw that will expand the halves to keep the grafted skin stretched. 
Skin from the inner surface of the upper arm is generally used, and the hairs 
and sweat glands are ignored. He has devised also a template which he places 
on the forearm to outline the exact area of skin which will be adequate for most 
adult sockets. Excellent drawings are used to show how to outline and take the 
graft, where to make diagonal cuts in it to permit proper stretching and how 
tension sutures are placed within the socket to hold the grafts there. Excellent 
photographs add to the completeness of the illustrations. This special device is 
left in situ for a week and then a Vaseline gauze tampon is packed in the socket. 

In a chapter on socket pathology, sections are shown of small pieces of skin 
removed from the socket. If elastic tissue remains in the graft, the socket will 
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work well, but if the elastic tissue is absorbed or atrophies, the socket gives less 
than the best result. In a few sockets, mucous membrane grafts were used, but 
the indications for their use is not presented. Some patients were followed for 
20 years, a few for only a few weeks. Many of the follow-ups were by mail only. 

In closing, two pleas were made: he asks opthalmic surgeons to perform socket 
reconstructions and not leave them for general plastic surgeons (no division of 
thought here between satellite ophthalmologists and Western ophthalmologists) ; 
he requests his colleagues to send more patients to him who need reconstruction 
of the socket (what indefatigability, to work on such cases for 20 years and still 
want more!). 

Several pages of references are listed. The most recent paper in American 
literature cited was published in 1950, and the only current reference is to Hun- 
garian literature in 1955. There are several references to Russian authors, dating 
back to 1948. 


Comment: Though the text is in German, the monograph is so well illustrated that those 
who are interested in the author’s technic may follow it completely from the drawings 
and photographs alone. 

Most American ophthalmic plastic surgeons prefer mucosal lined sockets since it has 
become easy to obtain adequate mucosa with the Castroviejo electro-keratome. Leaving 
an ophthalmopedic in the socket for only a week seems too short a time to this reviewer. 
This is adequate time for the graft to take, but better prevention of contraction can be 
attained if the device were to remain for several months. The construction of the device 
does not permit intermarginal lid adhesions to be made; these are often helpful in pre- 
venting contraction. Abrasion of the orbital rim and placing the graft in contact with 
it is a better method of fixing the graft in the fundus of the orbit than is the attaching 
of deep mattress sutures. 

It would have helped if the author stated his indications for using mucosa rather than 
skin for reconstructive work. 

The difficulties of publishing a surgical monograph in Budapest at this time must be 
enormous and Professor Csapody merits applause and admiration for overcoming them. 

ALsTON CALLAHAN 








Refresher Lecture 


DACRYOCYSTORHINOSTOMY 
Kevin A. Kasper, M.D. 


Chief, Otorhinolaryngology, Wills Eye Hospital; Associate Professor of 
Otolaryngology, Jefferson Medical College, Philadelphia, Pennsylvania 


PREOPERATIVE PREPARATION AND ANESTHESIA 


Our adult cases are all done under local anesthesia. Babies and children are 
done under general anesthesia. Under general anesthesia keep in mind the im- 
portance of an open airway and take proper precautions against postnasal 
bleeding. 

In adults we combine Nembutal with morphine and scopalamine, or Demerol 
and atropine. This may be supplemented in the operating room with addi- 
tional sedation if necessary. I like to test patients preoperatively, for sensitivity 
to the drugs which we plan on using. About three ampuls of 2 per cent Zylocaine 
with adrenaline 1:100,000 are used for local injection. Kach ampul contains 
1.8 cc. of Zylocaine. 

First ampul is injected at the site of incision -midway between the bridge 
and medial canthus. 

Second ampul is used for the medial orbital block. Injection is made vertically 
above the caruncle and a little below the eyebrow, that is to say, at about 1 em. 
or one fingerbreadth above the inner canthus (lig. 16). A 27-gauge needle is 
introduced along the upper medial angle of the orbit, keeping close contact 
with the bony surface, until a depth of about 3.5 cm. is reached (Figs. 19 
and 21). This injection will anesthetize the nasociliary branch of the ophthalmic 
especially the anterior ethmoidal branch. In so doing we succeed in anes- 
thetizing part of the intranasal cavity, the forepart and tip of the nose, the 
upper eyelid, the conjunctiva, and the lacrimal sac. The lower eyelid is but 
partly anesthetized because of the infraorbital nerve supply having been left in- 
tact (Fig. 17). 

Third ampul takes care of the infraorbital and completes the anesthesia. 
The infraorbital foramen can easily be palpated with the index finger just below 
the inferior rim of the orbit (Fig. 18). The needle is introduced through a point 
about 0.5 to | em. laterally to the middle part of the ala of the nose and directed 
upward, backward, and outward in the plane of the axis of the left index finger. 
Contact is made with the maxilla just below the foramen, and gentle probing for 
the foramen opening is made. The index finger prevents the needle point fror 
slipping over the orbital rim. The needle may be passed not more than | em. 
into the canal and the contents injected. If it is impossible to pass into the 
foramen-—give the injection as closely as possible to the foramen and between 
the foramen and nose (Fig. 20). 
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The three injections as directed will give complete anesthesia and last as long 
as 2 hours. An application of cocaine intranasally in the region of the anterior 
tip of the middle turbinal is also given. I anesthetize both medial and lateral 
to the tip. Cotton pledgets (well squeezed) with 10 per cent cocaine in adrenaline 
can be used or a stronger solution of cocaine in adrenaline can be painted on the 
nasal mucous membrane in the above mentioned areas around the sac. Be careful 
not to slop cocaine in the nose—its toxicity should always be kept in mind. 
Never use cocaine when the patient is under general anesthesia. Fatalities have 
occurred from such usage. 


OPERATION 

The site of the incision is located by drawing a horizontal line through the 
orbit. This line will bisect the medial canthus. The fornix or dome of the sac lies 
slightly above or superior to this line. Our incision is a straight one, placed mid- 
way between the medial canthus and the bridge of the nose. This is medial 
to the angular vessels and should be 2 em. or less in length. A beginner may make 
a longer incision, possible 3 em. in length. With continued practice one will 
learn to work through a smaller opening (lig. 1). 

Very firm pressure is made on the knife and the first cut carries down through 
the periosteum. If this is not done on the original incision subsequent cuts 
might shred the periosteum and this we wish to keep intact. 

The skin, subcutaneous tissue, angular vessels and periosteum are all reflected 
in an unbroken layer. One does not see the medial palpebral ligament due to the 
position of our incision. In this position the periosteal fibers have not thickened 
to form the medial palpebral ligament but are still fanned out as their fibers 
attach to the frontal process of the maxillary bone. However, as the periosteum 
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Fic. 1. Incision midway between medial canthus and bridge of the nose—length about 


2 em. 144 above medial canthus and 23 below. This places angular vessels lateral to the 


incision. X Marks site of angular vessels. 
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Fic. 2 Fic. 3 


Fig. 2. This drawing shows the early stages of reflected skin and periosteum. Exposed 
bone is frontal process of the maxillary bone. Later, when the bony window is formed, this 
bone will be exenterated almost up to the line of incision. 

Fic. 3. The drawing shows continued reflection of the periosteum off the frontal process 
of the maxillary and a closer approach to the anterior crest. The lacrimal sae is immediately 
visible when you pass over the edge of the anterior crest. 


is reflected lateralward and one gets closer to the medial canthus the periosteal 
fibers thicken to form the medial palpebral ligament (tendo oculi) which gives 
origin to the orbicularis muscles. 

Small rakes are held in the wound retracting the soft tissues—pressure from 
the rakes helps control any oozing. A fine suction tip at this stage is invaluable. 
It is placed deep in the incision, resting on the upper or superior part of the 
cut periosteum. A Vreer submucous knife is then used as a periosteal elevator and 
reflection started by working from the line of incision lateralward toward the 
medial canthus. The tissue medialward (toward bridge of nose) is not disturbed 
(Figs. 2 and 3). The upper part of the periosteum is less adherent and it is 
expedient to work from above downward toward the anterior lacrimal crest. As 
the periosteal fibers directly over the anterior lacrimal crest are approached one 
will find them very resistant but when the crest is reached, and its edge passed 
over, practically all resistance disappears. At this stage the edge of the sac 
becomes visible and entrance into the anterior portion of the lacrimal fossa has 
been made (igs. 4 and 5). 

rom now on the reflection of the periosteum becomes very easy, assuming 
of course that instructions were followed about starting above and working 
down. The sac at this stage can be reflected very readily out of the fossa with 
no effort at all. The attachment of the periosteum to the floor of the lacrimal 
fossa is so loose, and the floor so thin, that one can easily poke a hole through 
the floor. 
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Fic. 4. Anterior lacrimal crest has been reached in this drawing and immediately over 
the edge the lacrimal sae will become visible. 

Fic. 5. Showing the medial or nasal side of the sae with its covering of periosteum 
(fascia). The superior and inferior portion of the fossa can also be observed. 





Fic. 6. In this drawing the lacrimal sac with its periosteal covering has been retracted 
lateralward and lifted away from the fossa floor. 

Fic. 7. Entire floor of the lacrimal fossa has been exposed and the periosteum reflected to 
the posterior lacrimal crest. 


At this stage the operator should be able to identify a portion of the nasal 
process of the maxillary bone, the anterior lacrimal crest, the lacrimal fossa, 
the posterior lacrimal crest from its superior border to its inferior border and the 
lacrimal sac dipping down into the bony nasolacrimal canal. The reflected 
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Fig. 8 Fic. 9 


Fic. 8. A Bowman probe 0 or 00 has been passed through the lower canaliculus into the 
sae cavity and is shown tenting out the medial or nasal side of the sac. The inferior portion 
of the sae is seen just before it dips down into the bony nasolacrimal canal. 

Fig. 9. This drawing shows the preliminary opening in the lacrimal fossa. It is made in 
the inferior portion just anterior to or in front of the posterior lacrimal crest and then ex 
tended upward to the superior boundry of the fossa. 


periosteum should be intact from the li.» of incision posteriorward to the 
posterior lacrimal crest. There is no need to carry the reflection farther than the 
posterior lacrimal crest (ligs. 6 and 7). 

If one should become a bit hazy about his anatomy after starting a 
dacryoeystorhinostomy, try and remember the horizontal line bisecting the 
orbit and passing through the medial canthus. The sae fornix is always above 
this line but most of the body of the sac below or inferior, Also, if you palpate 
the inferior orbital rim and move your finger medialward you will be resting on 
the anterior lacrimal crest. It is well to keep the above aids in mind. 

After reflection of the periosteum has been completed back to the posterior 
lacrimal crest, and all of the structures clearly outlined, we are ready to make our 
window. 

An initial opening Vig. 9 (large enough to allow entrance of a small biting 
punch) is made deeply in the inferior portion of the lacrimal fossa just in front of 
the posterior lacrimal crest. No effort is made to preserve nasal mucous mem- 
brane. There is no later attempt to suture sac to nasal mucosa. This opening in the 
floor of the fossa is continued upward running parallel to the edge of the posterior 
lacrimal crest and extending to the superior limit of the lacrimal fossa. The 
posterior boundry of the window is thus formed. Next, the remaining portion of 
the lacrimal fossa is exenterated (ig. 10), followed by the very hard bone of 
the anterior lacrimal crest (Fig. 11). About 5 mm. of the anterior lacrimal 
crest is removed. The finished window likely measures about 1! em. from 
superior to inferior border and about 1 em. from the posterior lacrimal crest to 
the anterior boundry 
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Fig. 10 Fig. 11 
Fic. 10. Continued exenteration of the fossa floor is illustrated. The anterior lacrimal 
crest is still intact 
Fig. 11. This drawing shows the window shaping up. The anterior lacrimal crest has been 
exenterated and all of the bone (with nasai mucosa) between anterior and posterior lacrimal 
crests has been removed 


We use biting instruments to exenterate the bone. Stryker saws supplemented 
with biting instruments can be employed or bone drills may be used. 

After completion of the window a 0 or 00 Bowman probe is passed through the 
lower canaliculus into the sac cavity——tenting out the medial (nasal) side of the 
lacrimal sae (lig. 8). This gives us an idea of the size and boundries of the sae. 


FORMATION OF FLAP 


In Figure 12, the broken line seen on the medial side of the sac indicates where 
the sae will be entered and incised. This broken line is placed along the anterior 
margin of the sac and meets a line above and below, at the superior margin 
and at the inferior margin of the sac. These last two lines extend posteriorward 
to the posterior lacrimal crest. 

In Figure 13, the medial or nasal side of the sac has been incised and the wall 
partly turned back. When all the lines are connected Figure 14, we will have a 
free flap-—-hinged on a line running parallel to the posterior lacrimal crest (Fig. 
15). The flap falls over the posterior boundary of our bony window— in this 
case the posterior lacrimal crest. If the flap is too wide it can be trimmed. No 
packing is necessary to keep it in place. Our window will heal and almost !» of 
the window perimeter will be covered by mucous membrane from the flap. 

This flap was adapted from Doctor Lester Jones’ intranasal operation and | 
call it the “Jones flap.”’ Considerable time and effort is saved performing the 
external dacryocystorhinostomy operation when the step of suturing nasal 
mucosa to sac wall is eliminated. 
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Fic. 12. Broken line shows site of future incision in medial (nasal) wall of sae. Suetion 
tip has been passed intranasally and merely indicates the clean open window. 


Fic. 13. Incision has been made in medial (nasal) side of sac and our flap starts to take 
shape. As the incision is continued the medial side of the sae will fall away exposing the in 
terior of the sac, the lateral wall and its common opening of the lacrimal duet. 
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Fic. 14. Probe has been passed through the lower canaliculus and presents itself in the 
sac cavity. The flap has been completed and is shown posterior to the probe. If the flap had 
been left standing the protruding probe would push it over into the position we now see it. 

Fic. 15. This drawing shows the flap pushed down and covering the entire posterior 
lacrimal crest 
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Fig. 16. Orbital blo¢k: a, Medial orbital block; bande, lateral orbital block. The mar 
gin of the orbit is shown by dotted lines. (From Gaston Labat: Regional Anesthesia, Its 
Technic and Clinical A pplication, kd. 2,W. B. Saunders Co., 1928.) 

Fic. 17. Terminal branches of the ophthalmic nerve emerging from the orbital cavity 
and the infraorbital nerve, contributing to the inervation of the evelids and forehead. (From 
Gaston Labat: Regional Anesthesia, Its Technic and Clinical Application, Ed. 2, W. B 
Saunders Co., 1928 


SN) 





Fic. 18. Infraorbital block. Note the site of puncture, distance from the ala of nose and 
the angle of the needle. Check the infraorbital foramen on a skull and observe that passage 
into the infraorbital canal ean only be made at this angle. (From Gaston Labat: Regional 
tnesthesia, Its Technic and Clinical Application, Ed. 2,W. B. Saunders, 1928.) 
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Fic. 19. a, Gasserian ganglion block; b, medial orbital block; ¢, lateral orbital block; d, 
ciliary ganglion block. (From Gaston Labat: Regional Anesthesia, Its Technic and Clin 
ical Application, Ed. 2, W. B. Saunders, 1928.) 


In closing our wound we use number 000 plain cat gut and join periosteum to 
periosteum. If one studies the first few figures he will see that the periosteum 
lateral to the incision is reflected but that the periosteum medial to the incision 
is left attached to the bone so that in reality we are suturing periosteum to soft 
tissue. The lateral and medial borders of periosteum are however approximated. 
Number 6 silk on an atraumatic needle is used for skin closure. Usually we pass 
a probe through the canaliculus and check its position intranasally in the newly 
formed window. A simple dressing is placed over the eye and the patient is 
ambulatory as soon as the effect of local anesthesia wears off. There is no in- 
tranasal packing so that when the hemostatic effect of the local anesthesia wears 
off, we expect some nasal oozing. Routinely we have the patient lie with head 
turned on one side or the other so that any bleeding comes out the front of the 
nose and not down the back of the throat. 

The first 3 days postoperatively, the patient is not touched except to tidy up a 
dirty exterior. No irrigations--no probing. An antibiotic eye drop is used and an 
antibiotic may or may not be used systemically. Sutures are removed in 72 
hours and at this time the interior of the nose is checked. One usually finds an 
accumulation of debris in the window area. This is gently cleaned out. If the 
healing area appears to be dry we may use light mineral oil drops for several 
days. During this first week postoperatively there is nothing particularly gained 











104 SURVEY OF OPHTHALMOLOGY 





Fic. 20. Infra-orbital block: B shows direction of needle; A is a probe passed through the 
infraorbital canal into the orbital cavity, showing how easy it is sometimes for the needle 
to enter that cavity if poor technic is used. (From Gaston Labat: Regional Anesthesia, Its 
Technic and Clinical A pplication, Ed. 2,W. B. Saunders Co., 1928.) 
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Fic. 21. Divisions of the ophthalmic nerve. (From Gaston Labat: Regional Anesthesia, 
Its Technic and Clinical A pplication, Ed. 2, W. B. Saunders Co., 1928.) 
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Hiatus semilanazis 
Fig. 22. A dissection of the paranasal sinuses and the nasolacrimal duct of a child aged 
11 vears. Note the close association between the anterior ethmoidal cells and the lacrimal 


sac. (From J. Parsons Schaeffer: The Nose, Paranasal Sinuses, Nasolacrimal Passageways, 
and Olfactory Organ in Man, P. Blakiston’s Son & Co., 1920.) 


by irrigation and the healing tissues might be disturbed. One must admit how- 
ever that there is a pleasant feeling of satisfaction in watching saline squirting 
through the new window. 

Occasionally we find the septum and nasal lateral wall extremely close. In this 
type be careful not to allow adhesions to form and close the window. 


CONCLUDING CONSIDERATIONS 

Preoperatively we use a radiopaque to check the patency of the canaliculi, 
outline the sac and check the location of the block. 

The importance of an electric headlight with brilliant illumination cannot 
he overemphasized. 

At the time of operation if there should be some anatomical anomaly present 
and unexpected bleeding encountered, digital pressure above and below the 
incision will help in controlling until the periosteal reflection gets underway. 
After the periosteum is partially reflected, it is easy to pinpoint the bleeder and 
clamp it. Place a suture | 


igature using a Davis and Geck atraumatic needle with 
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Fic. 23. A dissection of the lateral nasal wall with especial reference to the nasolacrimal 
duct, the lacrimal sae (indicated by dotted outline, in white), the agger nasi cell, and the 
prelacrimal recess of the sinus maxillaris. The inset is a transection showing the relations of 
the nasolacrimal duct. (From J. Parsons Schaeffer: The Nose, Paranasal Sinuses, Naso 
lacrimal Passageways, and Olfactory Organ in Man, P. Blakiston’s Son & Co., 1920 





plain 000 gut, product number 432. Chromic gut serves no useful purpose and 
delays healing. Sparking the bleeding point is also effective. 

Always keep in mind that an ethmoidal cell may lie directly adjacent to the 
lacrimal fossa and that the operator, in making the window, instead of — 
entrance tothe nasal cavity will actually be in an ethmoidal cell (Figs. 22 and 2 
This emphasizes the importance of a careful intranasal check. [It is also macho to 
remember that the tip or anterior superior part of the middle turbinal is 
never the same in two people. If the tip intrudes and blocks the window, or if 
you feel that postoperative care might be difficult, nip a few millimeters off 
the tip—it will cause no harm. Removal of a portion of the turbinal tip can be 
done either through the window or through the nose with a biting forcep or a 
punch forcep. If the cut turbinal tip persists in oozing, place a small piece of 
Gelfoam over the cut portion. It works very well. 

lor the first 3 or 4 days after operation it is best not to blow the nose sucking 
nasal secretion postnasally is permissible and effective. 
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During the follow-up period, if the distance between window and septum is 
very narrow and one is fearful of adhesions, employ Simpson’s intranasal 
tampons (a very thin piece) and allow it to remain in situ for 48 hours or so. 
After its removal, the apposing surfaces will stay apart. If the operation is done 
properly and the edges of the bony window are clean-cut, with no overhanging 
edges of mucous membrane, the likelihood of adhesions forming is reduced to a 
minimum. A clean window of proper size will not close. 
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EXTERNAL DISEASE 
ERYTHEMA NODOSUM WITH CONJUNCTIVAL NODULES 


SAMUEL BLUEFARB 
Chicago, Illinois 


Quart. Bull. Northwestern Univ. M. School, 1960, 34: 194-196 


erythema nodosum is a nonspecific allergic reaction consisting of bright red, 
tender nodules, which usually occur on the pretibial surfaces and occasionally 
on the arms or face. They may be caused by infective organisms or drugs, 
or they may be idiopathic (Table 1). 

A case is reported with granulomatous nodules of the conjunctiva of the 
palpebral fissure, which appeared a week after a streptococcus infection. His- 
tological examination showed normal surface epithelium, lymphocyte infiltration 
of the subconjunctival tissues, and increased vascularity, but no specific or- 
ganisms. The conjunctival lesions disappeared spontaneously at the same time 
as the associated pretibial lesions 

our other reports of erythema nodosum of the conjunctiva are briefly re- 
ported from the literature. Casari’s 14-year-old patient had eye lesions which 
developed after an attack of dry pleurisy. Fibrous and hyaline tissue with 
edema and necrosis and scattered perivascular lymphocytes were present below 
the healthy conjunctival epithelium. Rotth and Green and Perry, reported 
cases with lymphocyte infiltration of subepithelial layers of the conjunctiva and 
cystic spaces filled by eosinophil coagulum. In Tow’s case, erythema nodosum 
and phlyctenular conjunctivitis followed measles, which apparently permitted 
reinfection or reactivation of an old allergic reaction to tuberculosis bacillus. 


Comments: Conjunctival nodules occur infrequently enough to evoke more than passing 
interest. Their occurrence in this case in association with the typically disposed pretibial 
nodules of erythema nodosum clarified their nosology. Though no mention is made of 
preauricular adenopathy, the similarity of this case to an oculoglandular conjunctivitis is 
noteworthy. The resemblance is even more striking upon comparing the table of etiological 
agents for erythema nodosum with one that might be drawn up for oculoglandular 
conjunctivitis. 

The description of the nodules and their appearance in the photograph accompanying 
the article might also suggest phlyctenulosis of the conjunctiva. It is avowedly difficult, 
however, to establish the identity of a phlyctenule as such, when it is remotely situated 
from the limbal area. The differentiation, furthermore, is of no practical value because 
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TABLE | 
Drug Eruption Bacterial Viral Fungal Idiopathic 
lodides Streptococcic Lymphogranu Trichophytosis Sarcoidosis 
infections loma vene Coccidio Ulcerative 
reum domycosis colitis 
Bromides Rheumatic fever Cat Serateh Dis Leukemia 
ease 
Measles 
“Sulfas”’ Tuberculosis Influenza 
Penicillin Scarlet fever 
\ntipyrine Meningococcemin 
Leprosy 


Syphilis 


Chancroid 


the histological examination of the nodule reported in this case differs in no way from that 
of a phlyetenule. Also, both nodules and phlyctenules may be considered nonspecific 
allergic manifestations to a variety of causative agents. Finally, treatment included topical 
cortisone which, though not reported in the article, presumably cleared the condition just 
as it would in phlyectenulosis. 


JoserpH W. HALuert 





CORNEA 


LONG-TERM PRESERVATION OF DONOR TISSUE FOR 
CORNEAL GRAFTING 


CORRELATION OF RESULTS FROM TisstUE CULTURES WITH THOSE 
FROM [EXPERIMENTAL GRAFTINGS 


i’. W. Srockxer, M. T. Marren, A. Errinc, R. Groraiape, 
AND N. GEORGIADE 


Durham, North Carolina 


Tr. Am. Ophth. Soe., 1959, 457: 133-152 


Several studies indicate that nonviable preserved donor material can be 
successfully used for lamellar grafts, but its use for perforating grafts has not 
heen promising. The authors have previously reported methods for studying 
separately the viability or corneal epithelium, stroma, and endothelium in tissue 
culture, and have also tested the effects of various methods of preservation on 
the viability of these tissues. The present study compares the observations 
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made in these tissue cultures with results using the same tissues in animal 
corneal grafts. 

Corneas were sealed in tubes containing glycerol 20 per cent in Hank’s bal- 
anced salt solution, then soaked for 1 hour at room temperature and rapidly 
frozen at —45°C. or —79°C. Before use they were rapidly thawed by placing 
the tubes in warm water. Cat cornea and one-third of the rabbit corneas were 
rehydrated in saline solution, and the other rabbit corneas in pooled rabbit 
serum. 

Previous studies showed that positive cultures could be obtained from rabbit 
corneas preserved for as long as 22 weeks. While positive cultures were obtained 
from fresh cat corneas, they were difficult to obtain from cat corneas frozen at 
—79°C. and were only irregularly obtainable from cat corneas frozen at —45°C. 

Of 25 grafts made on cats surviving 8 or more weeks using fresh donor tissue 
15 survived, but only 1 of 17 grafts made from preserved material was successful. 
In rabbits, 72 per cent of grafts frozen at —45°C. remained clear during the 
early postoperative period, but only 43 per cent of those made from grafts 
frozen at —79°C. From 2 to 4 weeks after operation 25 per cent of those frozen 
at —45°C. and none of those frozen at —79°C. were clear, the cloudiness in the 
latter group being attributed to hypertrophied epithelium. From 6 to 14 weeks 
53 per cent of those frozen 
at —45°C., and 18 per cent of those frozen at —79°C. 


after operation, 73 per cent of fresh grafts were clear, 


The studies of grafting cats eves indicates that cat corneas are adversely 
affected by only short periods of freezing, although they withstood —45°C. 
better than —79°C. temperatures. The endothelium was most affected by 
preservation. 

Studies of rabbit grafts showed that more favorable results occurred when the 
grafts were stored for a relatively short time. This factor and the less favorable 
results at the lower storage temperatures were parallel to the studies of tissue 
viability. However, some variant observations suggest that other factors such as 
rate of freezing and thawing and rehydration may also affect the suecess of 
preserved grafts in penetrating keratoplasty. These factors need further study, 
but observations so far suggest that rehydration with serum may be better than 
with saline. 

The course of successful fresh and frozen grafts differed also, in that the 
frozen grafts usually went through an intermediate period of variably severe 
cloudiness due to hypertrophied epithelium, which was later replaced by fresh 
tissue. 

The species difference in tolerance to freezing and the differences in results 
using grafts frozen at different temperatures indicate that observations made on 
experimental animals cannot be applied to human beings without extensive 
studies. The authors’ experience to date suggests that frozen human corneas 
behave more like rabbit than cat corneas. Also the method of differential tissue 
culture suggests that endothelium should be viable, but that as techniques 
improve, reduced viability may eliminate foreign body reactions. Probably 
tissues frozen at —45°C. can now be used in emergencies, but cannot at present 
be recommended for long-term eye bank use. 
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Comment: Dr. Stocker and his co-workers have performed original work in this im- 
portant field. Their ingenious method of tissue cultures of the individual corneal layers 
has no doubt confirmed clinical impressions that viability of the endothelium is a pre- 
requisite to the success of a full thickness graft. There is however disagreement among 
researchers as to the value of tissue cultures in assessing viability and this was commented 
upon at the presentation of this paper both by King, von Sallmann, and Leinfelder. It 
has been established that corneas can be preserved indefinitely for use in lamellar 
keratoplasty by freezing after pretreatment with glycerine, by freeze-drying, and by 
dehydration in glycerine. 

Dr. H. T. Meryman of the Biophysics Division of the Naval Medical Research In- 
stitute at Bethesda, Maryland, has reviewed Stocker’s work with me and comments 
as follows: “‘The differences in results between freezing at —45°C. and —79°C. are more 
likely due to the differences in rate of freezing rather than final temperature achieved. The 
effects of storage time on survival reflect a combination of greater injury due to the more 
rapid freezing at —79°C. plus inadequate storage temperature for both series. If storage 
temperature were sufficiently low there would be no difference in results between a 10- 
minute storage and a 10-year storage. All of the other observations appear to be quite 
valid and properly interpreted.” 

It is probable that corneal viability will only be maintained by further investigations 
in the field of eryobiology. This is a complicated subject and is one with rapidly changing 
concepts as intensive investigations are being carried out. 

J. H. Kine, Jr. 


EFFECT OF EYE-PADS ON HEALING OF SIMPLE CORNEAL 
ABRASIONS 


HaroLp JACKSON 
Manchester, England 
Brit. M. J., 1960, 2: 713 


Although corneal abrasion is very common, specialists do not agree on its 
treatment, particularly with regard to the use of eye-pads. Search of the English 
literature has not revealed any controlled study of the latter problem. 

Therefore all patients coming during 2 months to the casualty department 
because of uncomplicated superficial abrasions of the cornea were studied. All 
were given eyedrops of sulfacetamide, 10 per cent, three times a day, and also a 
suitable mydriatic if necessary. Patients coming on alternate days were also 
given a cotton-wool eye-pad covered with net and held in place by adhesive 
tape. Those coming on the intervening days received only the medication. The 
eyes were seen daily, and the healing studied by means of the spread of fluores- 
cein staining, which affected only the abrasion. The history of the patient’s 
healing was reviewed 2 months after the end of treatment. Of the 157 patients 
completing the treatment and deemed suitable for analysis, 77 had eye-pads and 
80 did not. The groups were comparable in all respects pertinent to the study. 
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The rate of healing did not differ significantly in the two groups. One patient 
wearing an eye-pad developed corneal ulceration and hypopyon during healing. 
Three, also from the eye-pad group, had complications after the abrasion had 
been healed. These included 1 case of acute conjunctivitis and 2 recurrences of 
the abrasion, at least 1 due to a second known trauma. 

More patients without than with eye-pads failed to return for follow-up. 
Since healing was excellent in both groups, it seemed probable that those without 
eye-pads saw no reason for coming back, whereas the others often came back 
chiefly to have the eye-pads removed. 

Although the rate of healing seems the same without or with eye-pads, the 
higher incidence of complications in eyes covered with pads suggests that simple, 
uncomplicated corneal abrasion should be treated without eye-pads. 


Comment: Observations by Jackson certainly indicate no favorable influence of eye-pads 
on the healing of corneal epithelium after simple abrasions. The greater complications 
occurred in the eyes which were padded. Theoretically, patching of the eye is thought 
to allow the upper lid to act as a splint for the epithelium; to allow less frequent trauma 
to the newly migrating and multiplying epithelial cells, and to provide greater nutrition 
from the conjunctival vessels as well as warmth. In the past, all of these factors have 
been thought to aid and enhance epithelial regeneration and rapid healing of the abrasion. 
More studies will have to be done before patching is abandoned by most ophthalmologists. 

Irvine H. Leopoip 





INTRAOCULAR FOREIGN BODIES 


COPPER FRAGMENTS IN THE ANTERIOR CHAMBER AND IN 
THE VITREOUS, DIAGNOSED BY ULTRASOUND 


Arvo OKSALA 


From the Department of Ophthalmology, Central Hospital of Middle Finland, 
Jyvaskyla 


Klin. Monatsbl. Augenh., 1960, 136: 81-88 


The localization of small fragments of copper in the anterior chamber and 
vitreous cavity by ultrasonography are described. The localization was confirmed 
by x-ray and direct visualization. 

With his previous equipment the anterior 3 mm. of the eye could not be 
visualized. By placing an acoustic delay (Plexiglas) between the eye and the 
transducer, the mute zone may be reduced to 1 to 14 mm. Foreign bodies in 
the anterior chamber are localized by a 1-cm. diameter barium titinate transducer 
operating at 4 mc.; for posterior localization, a 5-mm. diameter transducer at 
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6 me. is used. Oksala claims that localization by this technique is accurate to 
1 to 2 mm. anteriorly and 3 to 4 mm. in the vitreous, and that ultrasonography 
is the best method of foreign body localization, because radiolucent foreign 
bodies may also be localized. The foreign bodies may be differentiated from other 
pathological entities such as retinal detachments, vitreous hemorrhages, a sub- 
laxated lens and tears of the sclera. 


Comment: All zones of the eye may be visualized including the layers of the cornea and 
the areas immediately behind the cornea, so that there is no portion of the eye which is 
invisible to intensity modulated ultrasonography. The technique and equipment we 
employ results in depth resolution of 0.2 mm. and angular location accuracy of 14°. In 
general, we would concur with all the statements made by Dr. Oksala, except to point 
out that the use of acoustic delay to permit resolution of near echoes has been used for 
at least 10 years in various ultrasonic applications, and was incorporated in the original 
ultrasonic locator used in 1953. (Model PM 250 Ultrasonic Locator, GPL Division, 
General Precision Laboratory Corporation). 


GILBERT BauM 





OCULAR INFECTION 
NOCARDIOSIS OF THE EYE: REPORT OF A CASE 


JoHN W. HENDERSON, WILLIAM E. WELLMAN, AND LyLE A. WEED 
Rochester, Minnesota 


Proc. Staff Meet. Mayo Clin., 1960, 35: 614-618 


Although superficial nocardiosis of the eye is rare, the possibility of invasion 
by this or other fungi should be considered when an unusual lump appears after 
injury. This is especially true if the injury is caused by some object on a farm 
or ranch, since these pathogens are common in the soil. 

The authors report a patient whose eye was injured by a cow’s tail while she 
was milking. The discomfort was severe, and the condition progressed rapidly, 
with a lump which gradually increased in size. A local physician gave atropine 
instillations and chloramphenicol; he also evacuated small amounts of pus from 
several incisions, and followed this treatment by injections of staphylococcus 
toxoid. 

On admission to the authors’ service, vision was 20/200, the pupil was widely 
dilated, a reddish mass resembling a flattened mushroom was present on the 
nasal side of the limbus at the 3 o’clock position. Adjacent tissues were injected, 
but intraocular structures were not affected and conjunctival secretions were 
minimal. 
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Triple typhoid vaccine given over the next 9 days, with hot packs over the 
eye, reduced the congestion slightly. The mass was then completely excised. 
Five days after operation Nocardia asteroides was found in the culture, and 
sulfadiazine, 12 gm. every 4 hours, was substituted for chloramphenicol adminis- 
tration, and the sulfacetamide sodium used topically was increased to 30 per 
cent concentration. At about this time a small daughter granuloma appeared 
adjacent to the site of the original lesion, but resolved spontaneously. Five 
days after starting the new medication, blood examination and improvement 
in the eye warranted reducing the sulfadiazine to 5 gm. daily. Two months later 
the eye was well, local medication was discontinued, but the systemic sulfadia- 
zine was continued for another month to be certain that no systemic infection 
was present. The next 5 months observation showed no signs of recurrence. 

It should be noted that at no time did this patient receive steroid hormones, 
which are known to accentuate some viral, fungal, and bacterial infections. 
Chloramphenicol has not proved useful in treating nocardiosis, but sulfadiazine 
in doses sufficient to produce concentrations of 12 to 16 mg. per 100 ml. of blood 
is effective, supplemented if desirable by local applications. The duration of 
treatment, of course, varies with the severity of the condition. 


Comments: An awareness of the possibility and a high index of suspicion of fungus 
etiology for ocular infections may mean a favorable response to specific therapy. It is well 
to keep in mind that this type of infection can occur without the prior use of steroids, as 
demonstrated in this case. One must be impressed with the dramatic response to the use 
of sulfonamides administered in adequate concentration. 

Irvine H. Leopoip 





GLAUCOMA 
SURGICAL RESULTS IN ACUTE GLAUCOMA 


P. A. GRAHAM AND P. R. STEVENS 
Manchester, England 
Brit. J. Ophth., 1960, 44: 357-362 


From 1954 through 1957, 156 cases originally diagnosed and treated as acute 
congestive, or closed-angle glaucoma were admitted. The patients were classified 
into three groups of about the same size: (1) patients given intensive eserine 
treatment followed if possible by operation on the next day; (2) patients given 
intensive eserine therapy supplemented by Diamox (acetazolamide), with the 
time of operation not predetermined; (3) patients given intensive miotic and 
Diamox therapy, followed by minimal miotic therapy until the congestive 
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attack was fully reversed and the eye, especially, the angle, had been thoroughly 
investigated. The duration of the attack was not considered in this study as 
other reports have suggested that it was not important. Of those originally 
diagnosed as acute glaucoma, later diagnosis showed that 5 per cent were 
secondary glaucoma. 

Results of treatment were assessed after 6 months, regarding as unsuccessful: 
(1) cases with ocular tension above normal or a history of further congestive 
attacks since treatment; (2) cases with deterioration in the field of vision since 
the preoperative or earliest postoperative record; (3) those with corrected visual 
acuity reduced by postoperative uveitis to below 6/12. The development of 
senile lens opacities was not considered as failure of operation. 

There were 132 cases traced and considered suitable for evaluation at the 
6-month period. Of these, 96, or 73 per cent, were regarded as successfully 
treated. Comparing the first and the last 50 consecutive cases, the percentage 
of successful treatment increased from 62 to 86 per cent. This change reflects 
the changes in treatment from the method described in the first to that described 
in the third classification. 

The contributions of different modifications of treatment to this improvement 
have also been assessed; that is, the use of Diamox, the delay in date of opera- 
tion, and the careful selection of patients for iridectomy after the congestion had 
been resolved. While this evaluation has not been carried out as a controlled 
statistical study, the results seem to give an adequate basis for discussion. 

The addition of Diamox to eserine treatment reduced the proportion of 
failures as compared with treatment by eserine alone, regardless of whether the 
operation was carried out early or late. However, a more decidedly higher per- 
centage of successful results occurred in the group of patients who had this 
combined medication and whose operations were not carried out until the eye 
had fully recovered from the congestive attack and a full diagnostic investigation 
had been completed. 

Iridectomy was selected as an early surgical procedure largely on the basis of 
a history of previous congestive attacks and also because of cupped disk. In 
general, iridectomy was more frequently chosen for the later operation on the 
basis of clinical findings, including failure to settle, cupped disk or field defect, 
or the state of the filtration angle. These observations support the thesis that 
the extra time permitted by Diamox therapy favors more adequate diagnosis. 
The conditions of this study do not permit comparison of surgical procedures, 
but filtration operations appear in general to give better results than iridectomy. 

Study of the causes of failure 6 months after operation show that hyphemia 
followed by increased tension, increased tension, and postoperative uveitis 
occurred much more frequently after early than after later operation. Irregular 
follow-up over a longer period up to 4 years suggests, however, that these differ- 
ences do not greatly affect final outcome. More time is needed to establish the 
criteria or selecting iridectomy rather than filtration operations. 


Comment: The improved results in acute angle-closure glaucoma are certainly attribut- 
able in large part to the use of Diamox, not only because it permits surgery under better 
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conditions for such surgery, but it also permits miotics to be effective in instances where 
they previously had no chance to act. It should be remembered, however, that when 
Diamox is ineffective, no delay in surgery beyond 4 hours is indicated. When effective, 
however, delay to permit gonioscopic evaluation is a further cause for the improved 
results. 

It is of some importance that peripheral iridectomy should not be done on an eye with 
an acute glaucomatous attack unless gonioscopy indicates that the angle block has been 
relieved. If a peripheral iridectomy is done where sufficient angle block is present it will 
be unsuccessful and will require a subsequent filtering operation. The real problem comes 
not so much in acute attacks but in subacute and chronic angle-closure glaucoma where 
gonioscopy is essential in deciding on operative procedure. 

One other significant point arises in regard to angle-closure glaucoma surgery. Since 
the wide use of peripheral iridectomy, the old basal iridectomy has disappeared. In fact, 
the surgery of acute glaucoma has narrowed down to iridencleisis and peripheral iridec- 
tomy. This emphasizes the fact that broad basal iridectomies serve in the same manner 
as peripheral iridectomies and really are hardly broad enough to relieve angle block 
adequately. 

Saut SucaRr 


GONIO-VESSELS IN NORMAL AND ABNORMAL EYES 


SAKTIDAS CHATTERJFE 
Manchester, England 
Brit. J. Ophth., 1960, 44: 347-352 


In an effort to assess the incidence of gonio-vessels in normal and abnormal 
eyes and to classify these vessels, 100 normal and 111 abnormal eyes seen in the 
glaucoma clinic were examined by gonioscopy. All eyes examined had medium 
or wide angles. Abnormal eyes included: iridocyclitis, 50 cases; open-angle 
glaucoma, 25 cases; senile cataract, 25 cases; thrombotic glaucoma, 4 cases; 
diabetic retinopathy, 4 cases; iris root tumors, 2 cases; obstruction of a peripheral 
branch of the central retinal vein, 1 case. The iris was brown in 26 eyes and blue 
in 185. All patients had fair skin. 

In the normal eyes four types of vessels were observed. (1) The commonest, 
occurring in 65 per cent, was a single, circular trunk running in the ciliary band 
of the angle, occasionally disappearing into the ciliary body and rarely branched. 
(2) In 12 blue eyes and no brown ones, thin solitary vessels appeared radiating 
toward the pupil from the ciliary end of the iris root, and occasionally jutting 
into the iris band. The largest number seen in one eye was 10. These arteries 
differ from vessels in rubeosis iridis in that they appeared to be old vessels and 
were strictly radial rather than branched or irregular. (3) A flat, red band of 
blood of variable width was occasionally noted running along the trabecular 
band in the canal of Schlemm. It usually appeared in segments and only after 
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prolonged manipulation with the gonioscope. (4) In two cases a bunch of tiny 
vessels was noted near the sclero-corneal trabeculae, in one instance extending 
toward Schlemm’s canal. 

All these types of vessels were observed also in abnormal eyes, with three other 
types in addition: (1) Radial ciliary vessels were nearly always associated with 
iridocyclitis. These vessels were tiny and red and ran across the ciliary band, 
ending sharply at the iris root and extending to variable levels in the ciliary band 
or trabecular area. In 11 of 50 eyes with iridocyclitis, these vessels were strictly 
radial, but in 5 instances they were irregular and branching and displayed 
anastomoses. (2) In cases of rubeosis iridis, delicate new vessels were distributed 
irregularly with branches and anastomoses over the surface of the iris. (3) A 
few of the frequent anterior synechias in cases of old iridocyclitis were vascular- 
ized. The vessels seemed to originate in the iris root and to branch over the 
area of adhesion between iris root and trabecular root or neighboring cornea. 
In 2 of 4 cases of thrombotic glaucoma, wide vascularized adhesions were present 
without rubeosis iridis. In two eyes with iris root tumor, single vessels originating 
at the tumor disappeared beyond the edge of the iris. 

Since histological examinations have not disclosed blood vessels in the angle 
of the anterior chamber, the circular ciliary vessel seen in normal eyes must 
actually be in the ciliary body but placed so superficially that it shows through 
the covering tissues, especially in nonpigmented eyes. Radial iris-root vessels 
also appear to be superficially placed normal vessels, which are most often seen 
when they are dilated in cases of iritis. The rare bunch vessels are apparently a col- 
lection of small vessels possibly associated with Schlemm’s canal. The vascular 
peripheral synechias of thrombotic glaucoma have no evident connection with 
rubeosis iridis, which, however, may sometimes extend into the angle in cases of 
diabetes. The significance of the radial ciliary vessels is uncertain: the thin 
branching vessels appearing in iridocyclitis are not associated with synechias, 
obstruction of the retinal vein, or rubeosis iridis, but the single radiating vessels 
seem like old vessels and are often associated with an old cyclitis. The vascular 
peripheral synechias of iridocyclitis are too well known to need comment. The 
origin of new vessels feeding tumors is unknown, though they are recognized in 
a few reports. 


THE DIAGNOSIS AND TREATMENT OF SIMPLE GLAUCOMA 


Sir Srewart DuKe-ELDER 
The Institute of Ophthalmology, University of London, London, England 
Canadian M. A. J., 1960, 82: 293-297 
If treatment for glaucoma is instituted in the earliest stages of the disease, 


the chances of maintaining useful vision throughout life are relatively high, but 
if the disease is allowed to develop, these chances decline progressively—a 
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consideration which applies to both the simple and the closed-angle type of 
glaucoma. Early diagnosis of this condition is therefore one of the most important 
problems in ophthalmology. 

Because it is the most difficult form and requires more experience and clinical 
study, these remarks are confined to the diagnosis and treatment of simple, 
open-angle glaucoma. The diagnosis depends essentially on three features: 
the tension of the eye, the appearance of the disks, and, most important, the 
visual fields. Simple glaucoma ultimately leads to the destruction of vision owing 
to a loss of retinal function which is made evident in progressive restriction of 
the visual fields. 

It is generally agreed that the cause of the raised tension in simple glaucoma 
is a mechanical obstruction at the angle of the anterior chamber. The author, 
however, believes (although no one else on the American side of the Atlantic 
does) that tension is not the essential factor in the disease but a by-product of 
more fundamental changes. When it becomes evident, of course, it makes the 
effects of the disease catastrophically worse. Moreover, simple glaucoma can, 
in the author’s opinion, occur, although rarely, in the absence of raised tension. 

His belief is that the disease is essentially one of vasosclerosis. The first stage 
is often characterized by vascular instability involving periodic vasoconstriction, 
and eventually this intermittent and functional change becomes permanent and 
organic so that vaso-obliteration results in a damaging tissue-sclerosis, the effects 
of which are seen primarily in the more vulnerable parts of the eye. If this 
tissue-sclerosis is confined to the posterior segment of the globe, it results in an 
ischemic atrophy of the most functionally specialized and delicate tissues, 
including the optic nerve fibers. This leads to cupping of the disks and field 
defects at an early stage, sometimes without the development of a pathological 
rise in tension. If the process preferentially attacks the anterior segment, sclerosis 
of the drainage channels leads to an early rise in tension with optic atrophy 
and field defects occurring late. If the sclerotic process occurs all over the eye, 
the raised tension acting on a damaged optic nerve leads to a rapid and cata- 
strophic fall of vision. 

The first thing that happens in simple glaucoma is not a permanent rise in 
the ocular tension, but an intermittent variation, which is in fact an accentua- 
tion of the normal diurnal variation in tension. If this excursion in the daily 
variation exceeds 5 mm. Hg, glaucoma should be suspected, no mat- 
ter what the height of the tension may be. It follows from this that one 
reading of the tension is valueless as an early diagnostic measure. At least four 
should be taken throughout the day, including one early in the morning. The 
first fundamental fact, therefore, is that a variation in the ocular tension in the 
early stages of the disease is more important than its height. Again, many pa- 
tients have an ocular tension considerably higher than the normal range and yet 
show no change in the ocular tension, no cupping of the disks, and no field 
defects. It may well be that the level of the tension varies widely in different 
persons and can be higher than the average without having any ill effects on the 
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eye—comparably perhaps to what may be considered a “normal” blood pressure 
within the range of biological variation. In such cases, so long as the tension 
shows merely a normal diurnal variation of 2 to 3 mm. Hg, one should hesitate 
to label the eye as glaucomatous. In practice, no active treatment need be 
suggested but the patient should merely be observed at regular intervals. 

The early disturbance of the ocular tension in glaucoma—the abnormal diurnal 
variation in tension—is probably due to a disturbance of the central mechanism 
that controls the intraocular pressure and the homeostatic mechanism in the 
eye. Obviously, a periodic variation of the type concerned cannot be due to 
organic changes at the angle of the anterior chamber; it would seem to be due 
to a failure or deficiency of the homeostatic reflexes. The glaucomatous eye is, 
in a sense, analogous to the dead or denervated eye, in which the intraocular 
pressure rises linearly in response to the perfusion of fluid into the anterior 
chamber, whereas in the living eye the rise is not linear. 

The only two of the many provocative tests that have been suggested which 
seem to be reliable are the water-drinking test and tonography or the bulbar 
pressure test. When the initial ocular tension is between 25 and 30 mm. Hg 
(Schigtz), the water-drinking test is, unfortunately, positive in only some 30 per 
cent of cases of simple glaucoma. When the ocular tension is above 30 mm. Hg, 
the test is positive in some 80 per cent of cases, but then, of course, it is hardly 
worth doing as a diagnostic measure. But when the tension is not far removed 
from normal, a positive response to the test is of considerable corroborative 
value. It is important to realize that a negative result does not take one very 
far. 

The second test, tonography or the bulbar pressure test, is of more value. In 
simple tonography, however, in addition to the inherent errors of the Schigtz 
tonometer and the fact that the values used are statistical averages within a 
relatively wide range so that any individual value may be subject to a consider- 
able error, there are other factors to be considered in the interpretation of the 
results, especially when they are interpreted in terms of estimations of the flow 
of aqueous. Tonography, therefore, seems to be essentially a measure of the 
resistance to outflow when the circulation of both aqueous and blood within the 
eye is upset to an unknown extent. A raised tonographic reading undoubtedly 
indicates some obstruction at the angle, but the evidence derived from to- 
nography will in the future probably have to be reassessed. 

The bulbar pressure test developed by Blaxter (1953), in which a load of 50 
gm. is impressed upon the eye in addition to the tonometer, therefore seems 
preferable to simple tonography. In tonography, there are unknown elements, 
but in the bulbar pressure test the pressure artificially introduced is sufficient to 
abolish entirely the influence of the circulation, so that the organic resistance to 
outflow and nothing else is undoubtedly measured. In these circumstances, if the 
fall in tension after this pressure has been applied to the globe for 4 minutes is 
not 30 per cent of the initial intraocular pressure, there is an organic obstruction 
to outflow. 

Established glaucomatous cupping of the disks is easy to recognize but early 
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cupping is difficult. It begins segmentally, usually as a slight dip which does not 
initially involve the retinal vessels, particularly in the lower temporal quadrant. 
No one can assess its very earliest stages and no one can follow its course by 
isolated clinical examinations relying on memory alone. It is essential to draw 
the disk in every suspicious case and to compare the successive drawings. 

The taking of the visual fields is now so well understood and its importance so 
well recognized that there is no need to linger over this technique. 

So far as treatment is concerned, it seems better to rely on miotics than to 
resort to operation unless function, as evidenced by the visual fields, is becoming 
impaired. On the other hand, if function is impaired and the impairment pro- 
gresses despite the use of miotics in the presence of a raised or variable tension, 
operation should be performed early rather than late, because the tendency is 
for the vision to deteriorate once the process of optic atrophy becomes well 
established, even though a raised tension is controlled by operation. In miotic 
treatment, of course, the sheet anchor is pilocarpine, reinforced if necessary by 
eserine and again, in cases of emergency, by the stronger inhibitors of cholines- 
terase. Carbonic anhydrase inhibitors, which act by reducing the formation of 
aqueous by one-third or one-half, may be useful, but unless surgery is definitely 
contraindicated the author hesitates to use these drugs over a long time. 

Often forgotten, but immensely important, is the use of mild vasodilatatory 
drugs, such as nicotinamide, especially in cases in which vasosclerosis of the 
posterior segment is important, that is, those characterized by cupping of the 
disks and field defects rather than by raised tension. 


Comment: This review of simple glaucoma is in keeping with Duke-Elder’s able assess- 
ment of ophthalmic problems. This reviewer agrees with the theory that vasosclerosis 
is etiologically important. The statement that no one on this side of the Atlantic believes 
with Duke-Elder that tension is not the essential factor in the disease but a by-product 
of more fundamental change could well be challenged since it is obvious that the tension 
rise is the result of other causes of resistance to aqueous outflow. The criticisms of tonog- 
raphy should not cause lessening in the use of this procedure since, in spite of anticipated 
errors and corrections, it is a most useful tool. Personal communications with ophthal- 
mologists who have studied in London indicate that Blaxter’s test finds little clinical use 
and that tonography is at present enjoying considerable trial. 

Saut SucaR 


THE COMPRESSION TEST OF THE EYE FOR GLAUCOMA 


Keru Supa 
Kumamoto, Japan 
Kumamoto M. J., 1960, 13: 19-26 
If the eyeball is compressed, intraocular tension promptly rises, but decreases 


slightly while compression is continued. When compression is released, intra- 
ocular pressure falls rapidly to well below the original level, and then gradually 
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rises toward the precompression level. The effects of various degrees of compres- 
sion over various time periods on changes in ocular tension were studied with a 
view to developing the compression test in the diagnosis of glaucoma. 

The original ocular tension was compared with that immediately after with- 
drawing compression, using between 30 and 50 gm. of compression for 2 minutes. 
The 50-gm. compression resulted in the lowest postcompression ocular pressure. 
This degree of pressure was then applied for various time periods from 2 minutes 
to 10 minutes. After 10 minutes, postcompression tension was not measurable 
in normal eyes according to the first tests. A 50-gm. pressure was then applied 
for 10 minutes to 95 normal eyes. Tension was measurable in 20 of these cases, 
but the highest was 7.0 mm. Hg. Assuming that measurable tension might be as 
low as 3.9 mm. Hg, the average postcompression tension of normal eyes was 
estimated as 4.6 mm. Hg, and the average reduction of pressure compared with 
precompression tension was considered 74 per cent. Thus in normal eyes, post- 
compression tension was considered as averaging 4.6 mm. Hg, with an upper 
limit of 7.9 mm. Hg. It seemed, therefore, that any postcompression tension of 
8.0 mm. Hg or more might be considered a sign of abnormally high intraocular 
pressure, or glaucoma. 

This assumption was tested in cases of glaucoma. In 45 cases of simple glau- 
coma, postcompression tension ranged from 5.2 to 48 mm. Hg, averaging 22.7 
mm. Hg; in 19 cases of chronic congestive glaucoma, the range was 4.0 to 48 
mm. Hg, averaging 19.2 mm. Hg; in 8 cases of acute congestive glaucoma, the 
range of postcompression tension was 5.8 to 60.5 mm. Hg, averaging 28.8 mm. 
Hg, and in 12 cases of secondary glaucoma, the range was 14.7 to 58.2 mm. Hg, 
and the average 33.3 mm. Hg. Although postcompression tension was within 
normal limits in some glaucomatous eyes, it was never immeasurable. These 
observations have proved useful in the early diagnosis of several cases of glau- 
coma. 

Further studies indicated that the width of the angle did not apparently influ- 
ence either the postcompression tension or the percentage by which it was 
reduced. Study of 215 glaucomatous eyes divided into three groups with pressure 
below 39 mm. Hg, from 40 to 59 mm. Hg, and over 60 mm. Hg, showed that 
postcompression tension was highest in eyes with the highest original tension, 
and that the percentage of tension reduction was inversely proportional to the 
height of the original pressure. Tests of 43 eyes successfully operated upon for 
glaucoma showed that postcompression tension approached normal after opera- 
tion; and cases treated medically also had postcompression tension considerably 
normalized. Medical treatment resulted in lower postcompression tension in 
the eyes that were originally relatively low in tension. The best results followed 
miotic control of tension. 

In general, the compression test shows that prognosis was best in the following 
order: first, eyes with tension controlled by miotics; next, glaucoma with orig- 
inally low tension; last, eyes successfully operated upon after control of tension 
by miotics. 

The compression test is also useful in combination with other tests. The blind 
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spot, for example, is enlarged following release of compression in every early 
cases. 


Comment: This test, which was first introduced by Suda and Kamao in 1951, is the 
basis of Blaxter’s bulbar pressure test which has been used in Great Britain since 1953. 
It is also related to the corneal massage method used in 1934 by Béck, Kronfeld and 
Stough. As done for a period of 10 minutes it certainly appears to be a valid procedure 
but rather hard on both examiner and patient. Where tonography is available Suda’s 
test certainly would not be the procedure of choice but where such expensive equipment 
is not available all reasonable methods which lead to observation and diagnosis in glau- 
coma demand respect and attention. 

The comments on the frequent appearance of blood in Schlemm’s canal after compres- 
sion for 10 minutes (74 per cent) fit in well with our observations of its occurrence in 
hypotonic eyes. Similarly its relatively infrequent occurrence (14 per cent) in glaucomatous 
eyes agrees with other observations in this regard. 

Saut Sugar 


EFFECTS OF MECHANICAL OBSTRUCTION OF THE CHAMBER 
ANGLE IN RABBIT EYES 


F. A. Vespy 
New York, N. Y. 
Ophthalmologica, 1960, 139: 11-19 


Polyethylene tubing of 0.6 and 0.9 mm. outside diameter was bent into a 
“U” shape after sterilization and soaking, and introduced into the chamber of 
one eye of anesthetized rabbits. It was there released and allowed to straighten 
and adapt itself into the chamber angle. The intraocular pressure was taken in 
both eyes before and after the operation; the unoperated eye was used as a 
control. The eyes were observed and pressure taken at irregular intervals, visible 
changes recorded and occasional photographs taken. The animals were killed 
after different lengths of observation and the eyes were enucleated and micro- 
scopic sections prepared. 

The behavior of the eyes were strikingly uniform. Immediately after the 
operation the intraocular pressure dropped to 0.4 mm. Schigtz. In 3 to 14 days 
the pressure rose to around 10 mm. Occasionally and for a short time only the 
pressure rose to near normal, never above normal, falling back to around 10 mm. 
again and remaining at this level for the rest of the course of observation. 

In all of the experiments with polyethylene tube obstruction a remarkable 
phenomenon developed in 2 to 3 days after the operation. A very dense, ring- 
like, 2 to 3 mm. wide bright red vascularization of the cornea involving the whole 
circumference of the periphery, lasting about 2 to 3 weeks. The central part 
of the cornea remained perfectly clear at all times. 
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Never, for any length of time, could even a slight rise of the intraocular pres- 
sure above normal be observed in any of the operated eyes. The only exception 
was one case of chamber-angle suture, where a solid hemorrhage into the anterior 
chamber occurred, raising the intraocular pressure above 50 mm. and gradually 
falling back to half of normal in 4 weeks, together with absorption of the blood 
from the anterior chamber. 

Occasionally, and for a short time only the intraocular pressure of both 
operated and control eye 3 to 4 mm., that is from 8 to 11 and from 11 to 14 
mm. respectively. This was interpreted to be due to a general innervational or 
hormonal effort to raise the intraocular pressure, which did not last. 

The chamber angle was completely obstructed by the polyethylene tubing, 
at least for some time. The free ends of the tubing slowly and gradually pressed 
themselves into the spongy space between the ciliary body and the sclera, 
progressing to the rear end of the ciliary body during the course of observation. 
This process however was so slow and gradual that no significant pathological 
reaction could be observed on the slides. There is a condensation of muscular 
tissue, and connective tissue around the tubes, forming another tube-like struc- 
ture. The spongy tissue in front of these structures is reinstated to apparently 
normal form, without any signs of having been cut through. In the slides made of 
eyes enucleated after surgery the tubings are not nearly as far back as those in 
the 12-month-old experiments. 

The permanent lowering of pressure in the operated eye could have been due 
to one factor only: decreased formation of the aqueous. If the other regulating 
factor, the elimination of fluids from the eye would have entered the picture, 
the variation of intraocular pressure would have been greater and much more 
irregular. 

These experiments create an argument against the theory that any sort of 
obstruction or blocking in the spongy tissue of the chamber angle or the canal 
of Schlemm would result in increase intraocular pressure followed by other 
pathological changes, namely glaucoma. 

The arbitrary interpretation of the marked ring-like vascularization of the 
peripheral part of the cornea in rabbit eyes after the introduction of the poly- 
ethylene tubing into the anterior chamber angle suggested that due to the 
obstruction of the chamber angle there was an immediate need for another 
source of nourishment to supply the corneal tissues. It is noteworthy, that the 
central part of the cornea always remained clear, thereby functional. 


Comment: The attempt is made here to disprove the obvious clinical and pathological 
evidence that obstruction to the chamber angle outflow mechanism can produce increased 
intraocular pressure. This work is, therefore, interesting but would certainly have to be 
confirmed in primates. However, possible explanations of the results suggest themselves: 
first, that there is a mechanical irritative iritis which may account for the lowered pressure 
early. The tube may not actually be occluding the angle all around or, more likely, the 
pressure of the tube is enough to cause the backward displacement of the ciliary body, 
leaving the outflow channels free. One might even produce a mechanical cyclodialysis 
in this way. 

Sau. SuGar 
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DIAGNOSTIC TEST 


RADIOACTIVE PHOSPHORUS IN THE JN VIVO DIAGNOSIS 
OF MELANOMA OF THE SKIN 


EarLe W. Braver, Atrrep W. Kopr, Victor H. Witren, Mones BERMAN, 
AND VERNAL G. CAVE 


New York University Post-Graduate Medical School and University Hospital, 
New York, New York 


J. A. M. A., 1960, 172: 1752-1758 


In 1955, Bauer and Steffen (J.A.M.A., 158: 563-565) reported that the use of 
intravenous administration of radioactive phosphorus (P*) enabled them to 
differentiate between melanomas and benign skin tumors; the melanomas showed 
a significantly increased concentration of P® in comparison with normal skin 
and other skin lesions studied. 

In the hope that their method might aid in the differentiation in vivo between 
benign pigmented lesions and melanoma, patients suspected of having melanoma 
or lesions likely to be confused with melanoma were chosen for study from the 
Oncology Section or the Skin and Cancer Unit. In addition, a wide variety of 
vascular, granulation and other benign and malignant skin tumors were selected. 
None of the epitheliomas in the series was fungating. 

The lesion in question and symmetrical but normal skin site on the contra- 
lateral side were marked off in ink. After the patient had been given about 150 
pe. of radioactive phosphorus in 10 ml. of aqueous solution by intravenous in- 
jection counts were made at both the tumor and the control sites by means of a 
Geiger-Miiller probe connected with a count rate meter which automatically 
indicates the radioactivity in counts per minute. The counting procedure was 
repeated at 3 to 10-minute intervals during the first half hour while radioactivity 
was increasing and at longer intervals during the 3-hour period when the readings 
over the test site remained the same or began to diminish. Each reading was taken 
directly from the rate meter when the needle had stabilized, usually 10 to 60 
seconds after the Geiger-Miiller probe had been placed in position over the site. 
In all, 145 lesions (in 49 patients) were surveyed. Since this study was undertaken 
primarily for the diagnosis in vivo of melanoma, the lesion was completely ex- 
cised for histological examination in all instances in which this diagnosis was sus- 
pected either by clinical examination or by the P® testing procedure. 

While this study is based on the fact that certain living tissues take up radio- 
active phosphorus in a selective manner, there are numerous variables in a study 
of this type which make statistical analysis necessary. For example, radioactive 
disintegration itself is a random phenomenon, and the accepted method for 
measuring this random phenomenon have many variables of their own. Also, 
there problably are many systemic as well as local biological factors peculiar to 
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an individual person which may account for significant variation in radioactive 
phosphorus uptake. Furthermore, there may be inherent differences not only 
among patients but between contralateral sites in the same patient. 

If one accepts ratios of surface radioactivity (tumor/control) as low as 1.3 as 
diagnostic of cutaneous melanoma, our test conclusions would have resulted in 
our making the diagnosis of cutaneous melanoma 20 per cent of the time in the 
“general (control) population.’”’ That is to say the tests would have yielded false- 
positive results in one-fifth of the patients in our series. Even more important is 
the finding that in our patients with cutaneous melanoma the test would have 
been correct in only 63 per cent of the cases (37 per cent were false-negative de- 
terminations). If one were to increase the diagnostic ratio, e.g., to 1.8 or 2.0 the 
number of false-positive results would diminish; however, at this ratio the num- 
ber of false-negative results would be increased. 

That the use of this test procedure by us could not be depended on to differ- 
entiate regularly between cutaneous melanoma and other skin tumors studied can 
be explained on the examination of the distribution of the ratios determined for all 
lesions. Although the mean of the ratios of the cutaneous melanoma group is 
higher (1.87) than the mean of the ratios of the “general population” (1.18) the 
overlap that takes place in the distribution for both groups is sufficiently great 
so that in many instances, one cannot conclude, on the basis of the ratio of the 
surface radioactivity alone, whether the lesion in question falls within the cu- 
taneous melanoma group or into the “general population” group. 


Comment: In 1956 (Terner, Leopold and Eisenberg, A. M. A. Arch. Opth., 1956, 56: 
52) the radioactive phosphorus uptake test was employed in a variety of lesions involving 
the extraocular structures including the lids. At that time it was pointed out that there 
are many variables encountered in testing extraocular lesions with P®. Factors such as 
size and vascularity of the lesion, thickness of the normal tissue overlying the tumor, 
tissue thickness and vascularity of the normal site used for comparison all must be con- 
sidered. No definite conclusions could be made from the 29 cases tested in the Terner et al. 
series. However, in general the extraocular adnexal pattern followed the experience with 
intraocular lesions with the exception of epitheliomas of the lid. In lid lesions when the 
1-hour calculation had risen above 100 per cent greater than normal, a decrease in the 
24-hour calculation usually occurred. Terner and his associates not only made readings 
at 1 hour but also 24 hours after the initial injection for it had been shown that with in- 
traocular melanomas the radioactivity persisted in eyes harboring tumors but tended 
to fall from eyes in which the lesion was inflammatory. Therefore, the 1-hour and 24-hour 
count readings were performed in the extraocular conditions. The criteria which they 
adopted for positivity in lid lesions were modified over those obtained for intraocular 
lesions so that the test was considered positive when either of the following criteria were 
present: (1) the 1-hour calculation was above 30 per cent greater than normal and the 
24-hour calculation increased beyond the original one, or (2) the original 1-hour calculation 
was 100 per cent greater than normal. When these criteria were applied to their cases, 
all three lids with squamous cell epitheliomas had positive tests while six of the seven 
tests for basal cell epithelioma were positive. It appears that in certain patients normal 
lid tissues including skin, do not excrete their initial concentration of P* rapidly enough 
so that within 24 hours a good differential between a malignancy-harboring lid and a 
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normal lid occurs. The authors at that time stressed the fact that for lid lesions the test 
did not offer a great advantage, for most of these are easily accessible to biopsy or surgical 
excision without risking tumor spread. Therefore they concluded that the test was not 
of great advantage for this situation. 

Irvine H. Leopoip 





FUNDI 


THE PATHOGENESIS OF PAPILLEDEMA IN 
INTRACRANIAL DISEASE: A REVIEW OF 
THE LITERATURE 


Witu1aM GLEew 
Section of Ophthalmology, Washington Clinic, Washington, D. C. 
Am. J. Med. Sci., 1960, 239: 221-230 


The author has given a very fine review of the literature regarding pathogenesis 
of papilledema from the earliest writings of von Graefe to the present. Many of 
von Graefe’s original concepts of the association of the increased intracranial 
pressure and papilliary venous congestion in the production of papilledema have 
remained valid to the present time. The pathogenesis of the venous engorgement 
as such still remains somewhat in the controversy. It was von Graefe’s original 
concept that this came from a direct transmission of increased venous pressure 
within the dural sinuses with those of the eye and orbit. However, the arguments 
of Sesemann, namely that of a dissipation of the venous pressure from the orbital 
veins through the facial and other anastamotic connections still is used by those 
who refute this theory. Therefore, most authors have accepted the theory of 
compression of the central retinal vein within the optic nerve sheaths as valid 
even though this has not been adequately proved pathologically or ex- 
perimentally to the satisfaction of many investigators. There is much need, there- 
fore, for further observations on the patency of the optic nerve sheaths as em- 
phasized by the author. 

Clinical observations are presented by the author which seem to be explained 
most satisfactorily by Parinaud’s theory that papilledema is a manifestation of 
cerebral edema. Whether this direct association works through the intermediary 
of venous congestion is problematic. In addition, the author discusses the rela- 
tionship of intracranial pressure to papilledema in malignant hypertension and in 
cases with increased cerebrospinal fluid protein. Though there isa close correlation 
between the height of the pressure and the occurrence of papilledema, the rela- 
tionship is not an absolute one, and clarification of modifying factors await 
further investigations. 
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Experimental studies are briefly discussed. The author has had a personal hand 
in this work since he himself has demonstrated some of the pathophysiology by 
corrosion and injection techniques in the monkey as well as the artificial produc- 
tion of intracranial pressure resembling brain tumors by the use of inflatable 
bags within the skull of the monkey. 


Comment: The main discrepancies in the investigation of pathogenesis of papilledema 
would appear to be in trying to determine whether the association of cerebral edema and 
papilledema is a direct one transmitted through the nerve which seems unlikely in many 
instances, or whether it is produced by the intermediary of venous engorgement. Many 
investigators have shown that there is a direct association between increased intracranial 
pressure in the subarachnoid space and in the dural sinuses. All work does not support 
this, however, and there is evidence that there is not a direct association between elevation 
of intracranial pressure with a concomitant rise in the dural sinuses as shown by Ryder 
et al. 

From the studies of Walsh and Hedges, it would appear that clinically in cases of 
subarachnoid hemorrhage there is a direct correlation between the presence of cerebral 
edema and papilledema. However, the relationship was directly proportional to the 
rapidity of onset of the increased intracranial pressure. In their studies, scattered hemor- 
rhages were found throughout the entire orbit including the cavernous sinus within the 
nerves of this area. Clinically, therefore, it would appear that with the sudden onset and 
rise of increased intracranial pressure there is most liable to be a direct association between 
papilledema and transmitted dural sinus pressure through to the optic nerve. It is assumed 
that this is produced by a concomitant rise in dural sinus pressure which is directly trans- 
mitted to the orbital veins and central retinal vein. 

However, if increased intracranial pressure develops slowly, it is very possible that 
this theory does not hold. Then it is possible that the differences in osmotic equilibrium 
between the vaginal sheaths and the tissue pressure of the optic nerve as postulated by 
Friedenwald play some part in the slower development of papilledema. It is apparent 
that physiologic studies are necessary to determine the association between increased 
intracranial pressure in the subarachnoid space and in the dural sinuses. If pressure in 
these areas increases concomitantly, then the next point to be proved is whether or not 
in the experimental animal, preferably the monkey, the pressure within the venous sinuses 
is dissipated before it gets to the optic nerve sheath either visibly at the level of the disk 
or within the orbital veins. We would then solve the more crucial point in this problem, 
namely, whether or not the obstruction to venous return is most important within the 
vaginal sheath of the optic nerve or is transmitted in retrograde fashion throughout all 
of the dural sinuses into the orbital veins. 

Tuomas R. Hepags, Jr. 








SURVEY OF OPHTHALMOLOGY 


PUPIL 
ADIE’S SYNDROME 


E. B. H. pe Haas 
Rotterdam, Netherlands 


A.M.A. Arch. Ophth., 1959, 61: 866-884 


Various drugs are instilled into the conjunctival sac of patients with pupil- 
lotonia for purposes of differential diagnosis and for determining the site of the 
underlying disturbance. Some of these drugs do not affect normal eyes, but others, 
such as cocaine, pilocarpine, and eserine are used for these purposes in above 
usual threshold doses. It seems possible that greatly diluted solutions of the 
latter drugs might disclose differences in the reactivity of normal and abnormal 
pupils which would not be disclosed by the stronger doses. The response of the 
sphincter pupillae and ciliary muscle to small doses was therefore studied in 4 
patients with pupilloma, three of which were unilateral, and in three cases of 
incomplete absolute syphylitic rigidity. The size of the pupil was determined 
by means of a Haab’s scale in diffuse artificial light, taking precautions to mini- 
mize factors which might cause variations in measurements. 

Authorities do not agree as to whether the tonic pupillary sphincter reacts more 
quickly and sensitively to conventional concentrations of these drugs than do 
normal sphincters. Four typical cases were studied, using the normal eye in the 
unilateral cases as control. Sympathomimetics, including cocaine, benzedrine 
and ephedrine, had stronger effects on the tonic than on the normal sphincters, 
and this effect was especially noticeable when concentrations of the drug were 
too weak to affect normal eyes. Homatropine was the only parasympatholytic 
drug used. The tonic pupils reacted somewhat more quickly to lower concentra- 
tions than did the normal pupils. Methacholine, a parasympathomimetic, caused 
rapid and marked miosis in tonic pupils but had no effect on normal pupils. 
Eserine and pilocarpine had definitely stronger miotic effect on tonic than on 
normal pupils. While weak solutions clearly affected the tonic pupils, they 
affected normal pupils little if at all. The increased sensitivity of the sphincter 
pupillae to parasympathomimetic in tonic eyes was especially evident when 
weak concentrations were used, which suggests that normal concentrations may 
cause such strong reactions in both tonic and normal eyes as a to make differ- 
ences in reaction very difficult to distinguish. 

Two patients had periodic vacillations in refraction, probably due to mild 
accommodative spasm, and which could be relieved by homatropine; this condition 
appeared to be a manifestation of tonicity. One also had a slight pseudomyopia 
in the nontonic eye. Parasympathomimetic drugs caused refraction myopia to 
develop in these eyes, or increased pre-existing pseudomyopia. The effects on 
the ciliary muscle were clear in the tonic and relatively less, or not present, in 
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the nontonic eye. The ciliary muscle seemed somewhat more sensitive than the 
sphincter pupillae to neostigmine. 

Weak concentrations seemed especially suited to demonstrating hypersensi- 
tivity. The drugs are also useful in analyzing subjective complaints due to tonic 
accommodation or ciliary spasm. In one patient who was followed for 5 years, the 
tests showed simultaneous development of accommodation tonicity, ciliary spasm, 
and increased sensitivity to neostigmine in a tonic eye which had originally 
showed none of these signs. 

In 3 cases of bilateral syphilitic incomplete absolute pupillary rigidity, pupils 
reacted to methacholine, but differences in amplitude of pupil constriction was 
similar to that in tonic eyes so that the drug is not useful in differentiating 
between these two conditions. However, the response to repeated tests were more 
constant in the tonic eyes. 

The reactions of the pupil in tonic eyes does not suggest that theories attribut- 
ing the syndrome to either pre- or postganglionic denervation are correct, nor 
do they warrant the assumption of a peripheral causative lesion. Several reports 
from the literature, including genetic studies, suggest that the basis of the 
syndrome is an abnormal constitution characterized by hypothalamic reactions 


and abnormalities, and to diminished resistance of the hypothalamus to harmful 
influences. 





COLLATERAL CIRCULATION 


AN ANGIOGRAPHIC TEST OF COLLATERAL CIRCULATION 
THROUGH THE ANTERIOR SEGMENT OF 
THE CIRCLE OF WILLIS 


C. B. SepzImMIR 
Regional Neuro-Surgical Center, Liverpool, England 


J. Neurol. Neurosurg. Psychiat., 1959, 22: 64-68 


Collateral circulation through the anterior segment of the circle of Willis (the 
supraclinoid segment of the two internal carotid arteries, proximal segments of the 
anterior cerebral arteries which are joined together by the anterior communi- 
cating artery) was evaluated on the basis of an angiography. Contrast medium 
was injected under general anesthesia into one carotid artery below the carotid 
sinus by the percutaneous method. A few seconds before the start of the injec- 
tion the opposite carotid artery was digitally compressed. Three exposures in 
the antero-posterior projection were made. Frequently a bilateral estimation 
was carried out at the same sitting. Such studies were made in 712 patients. 
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Collateral circulation was considered as (1) good, if in addition to the ipsi- 
lateral arteries the contralateral anterior and middle cerebral arteries were 
visualized, (2) poor, if the contralateral anterior artery only was filled, (3) absent 
if only the ipsilateral middle cerebral artery or middle and anterior cerebrals 
were visualized; in a minority of such cases congenital abnormalities are respons- 
ible, absence or poor development of the anterior communicating of one anterior 
cerebral artery. 

The author found no difference in the collateral circulation according to various 
groupings of the patients tested. Approximately 70 per cent had good cross-filling, 
23 per cent poor, and 7 per cent absent collateral circulation. Age did not provide 
any difference, and in this regard two groups were assessed, under and over 50 
years. The “vascular,” ‘“nonvascular,” and a mixed group (tumors, epilepsy, 
chronic subdural hematoma, etc.) showed essentially the same evidence for 
collateral circulation through the anterior circle of Willis. 


Comment: It is of great interest that, according to this study, age is of little or no signifi- 
cance as regards collateral circulation in the anterior circle of Willis. Final conclusions 
regarding the significance of this study cannot be made at this time. 

Frank B. WatsH 





ORBIT 


HYPEROPHTHALMIC GRAVES’ DISEASE WITH PITUITARY 
TUMOR AND HYPERPARATHYROIDISM 


G. F. Jopuin, M. T. Harrison, anp Russet FRASER 
Hammersmith Hospital, England 
Proc. Roy. Soc. Med., 1960, 53: 219-220 


The patient, a 58-year-old man, was admitted because of severe exophthalmos 
which had increased during the past 5 months. He had no symptoms of thyro- 
toxicosis, and both radioiodine and basal metabolism tests gave negative results. 
Beside extreme proptosis, examination of the eyes disclosed congestion and edema 
of the conjunctiva, ulcerated cornea, and moderately restricted eye movement. 
X-ray of the skull showed some thinning of the dorsum sellae suggesting pituitary 
tumor. Biological tests of parathyroid function showed hyperparathyroidism. The 
adrenals appeared to be normal. 

Because of the serious eye condition, prednisone, thyroxine, and diuretics were 
given at once with local treatment of the eye, keeping the patient upright. Two 
seeds of Au’ of 9.5 mc. each were placed transnasally in the pituitary. It is cal- 
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culated that 90 per cent of the gland received over 10,000 r, which would not 
produce hypoparathyroidism. 

Both infective and congestive disturbances of the eye resolved rapidly, and 
proptosis diminished. Hypoparathyroid symptoms persisted, sex function re- 
mained normal, and no complications of pituitary irradiation have appeared. 

While severe exophthalmos is not infrequently associated with normal thyroid 
function, its association in this patient with pituitary tumor seems to be unique. 
The tumor may have been secreting excess ‘exophthalmos-producing substance,” 
indicating that there is a pituitary factor in exophthalmos. The hyperpara- 
thyroidism may also have depended on pituitary overproduction. Both we and 
other workers have found evidence of an association between the growth hormone 
and stimulation of the parathyroid gland. This theory might account for the 
hypercalciuria and osteoporesis observed in acromegaly as well as for the hy- 
percalcemia and rapid bone deposition observed in this patient. 


Comments: Reports of the association of two or more diseases are always of great 
theoretic interest. Both Hermann (Brit. J. Ophth., 1952 36: 1) and Jailer and Holub (Am. 
J. Med., 1960, 28: 497) have reported instances of thyrotoxicosis, ophthalmopathy, and 
expanding pituitary lesions. However, caution must be exercised in drawing general 
conclusions from simple case reports. 

The fact that the patient here reported was apparently euthyroid does not necessarily 
indicate that the exophthaimos resulted from the pituitary tumor. It is well recognized, 
as the authors point out, that eye changes not uncommonly occur in association with 
the euthyroid phase of Graves’ disease. (Werner, Am. J. Med., 1955, 18: 608). The im- 
provement of the eye signs following pituitary irradiation also does not necessarily indi- 
cate a pituitary etiology. The course of the eye signs is extremely variable as well as self 
limited, so that the effects of any treatment are often difficult to assess. In addition, this 
patient also received corticosteroids, thyroxine and diuretics. 

Despite these words of caution, such carefully presented case reports are slowly adding 
to our knowledge and are suggesting useful leads in our study of these baffling 
eye complications. 

Rosert M. Day 


MANAGEMENT OF EXOPHTHALMOS 


Wiiuiam H. Conxuin, Jonn C. McCuintocx, Donatp H. Baxter, anp 
Fremont C. Peck 


The Radioisotope Laboratory of the Albany Medical Center, Albany, New York 
Am. Surg., 1960, 26: 582-587 


Progressive exophthalmos is the most distressing complication of thyrotoxi- 
cosis for both the physician and the patient. The condition usually occurs after 
definitive treatment for hyperthyroidism and is characterized by increasing 
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scleral injection, conjunctival and retro-orbital edema, proptosis, ophthalmo- 
plegia, diplopia, and, possibly, diminishing visual acuity, corneal ulceration, and 
infection. It is possible, however, for this syndrome to attain its full proportions 
in patients who show no other evidence of hyperthyroidism. The responsibility 
of the physician is to arrest or reverse the process before loss of vision occurs. 
This report is concerned with the authors’ experiences in dealing with this 
distressing complication at the Albany Medical Center. 

On the basis of certain clinical and experimental data, it seemed reasonable 
to assume that the management of patients with malignant exophthalmos 
could be more easily accomplished if all normal thyroid tissue was ablated with 
I'*!, Patients selected for this approach were given 30 mc. of I'** by mouth after 
suitable withdrawal of other therapeutic measures. Eight patients in all have 
now been treated in this fashion in an attempt to control their disease. They 
have been followed for more than 6 months, and no untoward effects attributable 
to the I‘ therapy have been observed. Reinstitution of suppression therapy with 
triiodothyronine has been carried out 1 to 2 weeks after the I'* administration. 
Triiodothyronine has been rapidly raised to toxic levels, then reduced and con- 
tinued at a less than toxic dose, usually 150 to 250 ug. a day. 

The choice of patients has been restricted to those whose eye signs and 
proptosis were progressing in spite of adequate exogenous thyroid hormone 
therapy. Selection of the time to advise ablation depends on the rapidity with 
which scleral injection, conjunctival edema, ophthalmopathies, and proptosis 
progress. Although the authors are opposed to irradiation of the thyroid by 
I'*! in young patients because of carcinogenic possibilities, they feel that com- 
plete destruction of the thyroid as a means of saving vision has more advantages 
than hypophysectomy in the younger age grou,. 

Although there has been great individual variation in response to this program, 
all the patients have exhibited satisfactory cessation of progress of their exoph- 
thalmos. Virtually all have shown improvement in every major symptom, 
including, usually, a slight regression in the proptosis. 

Hypophysectomy undoubtedly offers the patient with malignant exophthalmos 
an opportunity to preserve vision and undergo reversal of most of the findings 
associated with severe proptosis, and no one should hesitate to advise pituitary 
surgery if vision isin any way embarrassed. Nevertheless, before such a radical 
procedure is resorted to, a trial of ablation of the thyroid gland by radioactive 
iodine and full therapeutic doses of exogenous thyroid hormone may enable 
many patients to avoid pituitary surgery and the life-long hormonal replace- 
ment therapy it entails. Moreover, for teenagers and patients in the early 
productive years, orbital decompression is to be preferred to operative proce- 
dures affecting the hypophysis if I" ablation and exogenous thyroid hormone 
do not control the disease. 


Comment: In total ablation of the thyroid gland by radioactive iodine and full 
therapeutic doses of exogenous thyroid hormone another method of treating the severe 
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oribtal complications of thyroid dysfunction is presented. However, in evaluating the 
results of any form of treatment several facts must constantly be borne in mind. The 
manifestations of this orbital disease are extremely variable and tend to run a self limited 
course. Mild signs are quite common and the most severe signs rare. The great majority 
of patients do relatively well without treatment and spontaneously improve after a vari- 
able length of time. Exophthalmos alone is not an indication for any radical procedure. 
In view of the widely held concept that over-treatment with radioiodine may precipitate 
a flare-up in the orbital signs and that triiodothyronine does not reverse these changes, 
a very much larger experience is necessary before this proposed form of treatment may 
be considered the treatment of choice. 


Rosert M. Day 


EXOPHTHALMOS IN THYROID DYSFUNCTION 


Ronatp A. SELTZER 
Wayne State University, College of Medicine, Detroit, Michigan 
J. Michigan M. Soc., 1960, 59: 1043-1048 


There are two extremes of exophthalmos associated with thyroid dysfunction. 
The mild type of exophthalmos is more apparent than real, for the seeming bulge 
is mostly the result of retraction of the upper eyelid. It is not accompanied by 
lid edema and chemosis unless, as rarely occurs, anasarca or local sepsis due to 
ulceration is present. The severe type of exophthalmos, characterized by gross 
symptoms and many complications, is often progressive in nature. Actual 
proptosis occurs; the anterior displacement of the eyeball may lead to venous 
and lymphatic obstruction, causing edema of the lids and chemosis. Inability to 
close the eyelids may lead to drying of the cornea, and thus to ulceration, per- 
foration, and panophthalmitis. Pressure on the optic nerve and its blood supply 
by the increased orbital contents may cause central and paracentral scotomata. 
In extreme states, there may be complete extrusion of the eyeball. This severe 
type of exophthalmos is known by many names: thyrotropic exophthalmos, 
hyperophthalmopathic Graves’ disease, progressive exophthalmos, and malig- 
nant exophthalmos. 

Some authorities believe that these two forms of exophthalmos are not only 
accompanied by different clinical findings, but are in fact different disease 
processes. Thus Mulvany terms the mild form “thyrotoxic” exophthalmos, 
because he believes it can be explained completely on the basis of an increase 
in circulating thyroid hormone. The severe form he terms “thyrotropic” exoph- 
thalmos, because he believes it to be caused by excess circulating thyrotropic 
hormone. Means, on the other hand, considers these two extremes to be mild 
and severe manifestations of a single disease mechanism. He emphasizes the 
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many degrees of severity between the two clinical extremes and points toward a 
single mechanism which acts in varying degrees. Perhaps a combination of these 
views is most likely. Pure thyrotoxic exophthalmos, which is not a true proptosis 
but appears as such because of retraction of the upper eyelid, may occur. It 
may, however, often be complicated by a thyrotropic element. This results in a 
true proptosis which may vary in degree from a few millimeters to complete 
extrusion of the eyeball. A pure thyrotropic element must exist, inasmuch as 
exophthalmos may develop after thyroidectomy. 

Thyrotoxic exophthalmos seems to be related directly to excess circulating 
thyroid hormone which produces a sympatheticotonia, and myasthenia of the 
extraocular muscles. Lid retraction is probably the major factor in this condi- 
tion, and the consequent apparent exophthalmos is to be given the same clinical 
consideration as Stellwag’s sign. Thyrotoxic exophthalmos may occur alone or in 
combination with a superimposed thyrotropic exophthalmos. 

Thyrotropic exophthalmos, which leads to true proptosis, appears to result 
from a breakdown in the complex endocrine control of the connective tissue 
metabolism. The anterior hypophysis, thyroid, adrenal cortex, and gonads seem 
to be of significance in this control. Secretions of the anterior pituitary promote 
the deposition of ground substance in connective tissue. Other factors also 
affect the connective tissue. Cortisone, for example, causes reabsorption of the 
ground substance and so counterbalances the effect of the anterior pituitary. 
In addition, it may have a direct inhibitory action on the secretion of the anterior 
pituitary. In secondary (pituitary) myxedema, however, cortisone is deficient. 
Thyroid hormone, which has a regulatory effect on the anterior pituitary hor- 
mones, may also have a direct effect on the connective tissue. Thus Gabrilove 
and Ludwig report that thyroid hormone will cause disappearance of primary 
and secondary myxedema, and this has been linked to the disappearance of 
edema and mucopolysaccharides in the connective tissue. The role of the gonads 
has yet to be elucidated. They have been seen to have an effect experimentally. 
In view of the difference in sex incidence of thyrotropic exophthalmos, further 
investigation of this factor is warranted. 

When the physiological equilibrium between these various glands is upset, 
ground substance accumulates in the connective tissue throughout the body. 
This generalized deposition of ground substance, when compounded by other, 
possibly local, factors, leads to such conditions as thyrotropic exophthalmos, 
primary and secondary myxedema, and circumscribed myxedematous plaques. 
The occasional occurrence of spontaneous regression of thyrotropic exophthalmos 
might be interpreted as a natural readjustment of the homeostatic mechanism. 


Comment: Dr. Seltzer has made a real attempt to bring order out of chaos. How- 
ever, no subject can be elucidated in simple fashion until it is thoroughly understood, and 
no one fully understands the orbital changes associated with thyroid dysfunction. It is 
easy, therefore, to take exception to many of his statements. For example, the comment 
that thyrotoxic exophthalmos is always associated with thyrotoxicosis does not agree 
with this observer’s experience and if it is “related directly to an increase in circulating 
thyroid hormone” one wonders why it is often more marked in one eye than the other 
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and tends to persist after treatment of the hyperthyroidism. In addition, there is no 
evidence that venous and lymphatic obstructions cause edema of the lids and chemosis. 
In fact there is good evidence that such obstruction does not exist. Dr. Seltzer also 
tends to equate the “pure thyrotropic element’’ with exophthalmos, yet it has been shown 
by many observers as far back as Sattler that the severity of the orbital process is not 
necessarily related to the degree of proptosis. 

However, these criticisms are relatively minor. This paper’s contribution lies in its 
emphasis on the complex interrelation of endocrine and local tissue factors which in our 
present state of ignorance appear to be involved in this disease. 

Rosert M. Day 





LENS 
TOXIC CATARACT 


RosBert CRAWFORD 
Kent and Canterbury Hospital, England 
Brit. M. J., 1959, 2: 1231-1232 


An otherwise healthy man aged 42 complained of blurred and double vision 
of one week’s duration. Examination showed uneven opacities in both lenses, 
with corrected vision of 6/6 and 6/9. He had been taking one-half to one tablet 
of Carbrital (pentobarbital 50 to 100 mg., carbromal 130 to 160 mg.) every 
night for 5 years. The patient experimented by omitting the medication for 
three nights and found that vision improved at once, but became worse again 
when he resumed the Carbrital. He reported his observation to his physician, 
who prescribed butabarbital instead of the first medication. Ten days later 
both lenses were clear and the cataracts had not recurred after 8 months. 

Duke-Elder discusses cataracts due to dinitrophenol, ergot, thallium, naphtha- 
line, lactose, galactose, and paradichlorobenzene. Various naphthalene com- 
pounds seem more likely to produce cataracts than naphthalene itself, and 
experiments have been conducted to determine the cause. 

4-Dinitrophenol, first used in 1933 as a slimming agent, produces irreversible 
cataract in 0.86 per cent of patients, independently of either dosage or duration 
of treatment. It can be absorbed through the skin. 5-Dinitro-o-cresol has caused 
several deaths when it was used as treatment of obesity, and one case of cataract 
and glaucoma has been reported as a result of this use. It is severely toxic when 
used as an insecticide, but so far no cataracts have been reported following 
agricultural use. Cataracts have also occurred from using paradichlorobenzene 
to protect clothing from moths, and experimental cataracts have been produced 
by pit-methadone hydrochloride, pethidine hydrochloride and its reversed esters, 
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and morphine sulfate and its analogs. No experimental cataracts have resulted 
from pentabarbitone, phenobarbitone, or cyclobarbitone. 

Unlike these compounds which have just been discussed, which are benzene 
derivities, carbromal is an open-chain ureide, 1-bromo-1l-ethylbutyrylurea. 
Although it is considered a iclatively safe hypnotic, excessive doses do cause 
acute toxic symptoms, and even death. Long-term administration may lead to a 
condition comparable to bromism, or to loss of energy, depression, or purpura. 
One case of addiction has been reported. This seems to be the first reported case 
of cataract due to this compound. A list of products containing carbromal is 
appended. 





UVEAL TRACT 


THE VISUAL PROGNOSIS IN STILL’S DISEASE WITH 
EYE INVOLVEMENT 


W. K. Sminey 
Maidenhead, Berkshire, England 
Proc. Roy. Soc. Med., 1960, 53: 196 


During the last 10 years the author examined the eyes of 220 children under 
the age of 16 with Still’s disease in the Research Unit for Juvenile Rheumatism 
at the Canadian Red Cross Memorial Hospital, Taplow. Of this number 12 or 
5.5 per cent were found to show evidence of anterior uveitis. They have been 
followed up for periods varying from 214 to 10 years. The incidence is much 
less than that found in Denmark; Godtfredson (Brit. J. Ophth., 1949, 33: 261) 
quotes 20 per cent and Vesterdal and Sury (Acta ophth., 1950, 28: 321) 21 per 
cent. 

The prognosis for vision in the present series is not favorable: Of 12 children, 
8 had both eyes involved and 4 one eye; 50 per cent of the eyes have vision of 
6/18 or worse, and half of these are certifiably blind. The sight of some of the 
eyes with better vision may still deteriorate if the causative inflammation per- 
sists. The longer the anterior uveitis continues, particularly if uncontrolled by 
local cortisone or small doses of systemic steroids (5 to 7.5 mg. of prednisolone 
daily), the worse the visual prognosis. In this condition anterior uveitis commonly 
lasts for months or years, and tends to recur. 

The development of a corneal band opacity is also a bad prognostic sign; 
Of the 20 eyes comprised in this series, 10 out of 12 eyes with vision of 6/12 or 
less had diffuse band opacities. Every eye with a diffuse band keratopathy later 
developed a complicated cataract. A band opacity which involved the pupil 
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should be removed, and this can readily be achieved by chelation of its calcium 
salts with sodium Versenate after curettage of the corneal epithelium. A com- 
plicated cataract is much harder to remove. Of the 20 eyes in this series 8 have 
developed mature cataracts and 4 show less advanced lens opacities. 

The author is still in doubt about the best method of tackling the cataract. 
He needled both eyes of his first patient and also chelated the corneae. He 
obtained 6/36 vision in one eye and 6/12 in the other. In the second patient the 
needled eye began to degenerate and became shrunken. His other eye, however, 
without surgical interference, followed the same course later. The third child 
came with a blind shrunken eye after a needling operation elsewhere. The other 
eye had a cataract and a band opacity. The corneal band was chelated and 
removal of the cataract by zonulolysis was decided on. Intracapsular extraction 
was defeated by firm adhesions between posterior lens capsule and vitreous 
face. The capsule ruptured and a curette evacuation had to be carried out. The 
pupil became obliterated by scar tissue which reformed to some extent after 
two subsequent pupillotomies. The patient now has perception of hand move- 
ments but is irrevocably on the. Blind Register. 

The last one of these patients was operated on by the cornea being chelated 
and the lens removed at one operation. Again adhesions were encountered but 
the final vision should be quite good. 


Comment: The findings in this review of the visual outcome in 20 eyes of 12 patients 
with juvenile rheumatoid arthritis (Still’s disease) are of interest because they differ 
somewhat from the series of cases reported by Godtfredson and Vesterdal and Sury. The 
results, however, do correlate with those of Smiley, who found approximately 5.5 per cent 
of 183 patients with Still’s disease to have ocular manifestations. Franceschetti and co- 
workers published the results of studies on 14 cases and recorded findings somewhat 
similar to those reported by the present author. 

Ordinarily, the iridocyclitis in Still’s disease appears between the ages of 2 and 14 years 
but may develop either before or after onset of the joint manifestations. Ordinarily, the 
eye lesions follow the joint lesions. Over 75 per cent of cases are bilateral. Most cases 
which become chronic eventually develop hypotony and phthisis bulbi. Secondary 
glaucoma is rather common and is not recorded by the present author. 

Visual loss occurs as a result of the band keratopathy plus cataract, plus glaucoma. 
Attempts at surgical correction of the cataracts in cases of this type have almost always 
led to lowered postoperative intraocular tension and phthisis bulbi. Even if the cataract 
can be removed successfully, the eye does not withstand the trauma of surgery and 
degenerates. It should be emphasized that the band keratopathy which in the past has 
been considered to be so characteristic of Still’s disease is a fairly constant occurrence in 
any type of iridocyclitis in young individuals. 

MicHakEL J. HoGan 
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OPTIC NERVE 
TOBACCO AMBLYOPIA 


H. S. Hepees 
Charlottesville, Virginia 
Virginia M. Month., 1960, 87: 144-145 


The author makes a plea in this paper for abstinence from tobacco in individ- 
uals who manifest early signs of cerebral vasospasm, or ocular symptoms which 
also may indicate affection of the vessels supplying the optic nerves or the retina. 
He emphasizes the well known fact that many people are obviously able to 
smoke indefinitely and in great volume without great difficulty and that there 
are others who have an idiosyncracy and lack of immunity to the harmful effects 
of nicotine. The early signs of the disease are manifest by small central scotomas 
for red and green which are relative at first but then gradually increase in density 
until all perception of red and green are gone in this scotomatous area. The 
scotoma is oval in shape extending from fixation point out to the blind spot 
but rarely invades the rest of the color field. Concomitant with this is the loss 
of central vision and the beginning of objective evidence of atrophy of the maculo- 
papullar bundle in the lower temporal quadrant of the disk. Once atrophy has 
appeared, vision may fall precipitously. The author cites personal instances 
whereby simply abstaining from tobacco produced dramatic improvement over 
a period of weeks to several months. 


Comment: The observations cited in this article on Tobacco Amblyopia are of definite 
practical importance. Careful color fields on the tangent screen are often neglected in 
our daily practice and, with the de-emphasis of smoking through our lay and medical 
literature today, it is much easier for us to get the cooperation of many of our patients 
in defining the cause and relationship between tobacco and visual loss. The controversy 
regarding the relationship between tobacco and alcohol is still not completely settled. 
However, it would appear that the vasospastic elements are made worse by the tobacco 
and most authors feel that the alcohol intake of the patient is important when it reaches 
proportions whereby the patient’s dietary intake is restricted and the patient develops 
a relative avitaminosis. In any event, it is certainly important that these people definitely 
abstain from both alcohol and tobacco and, as we all know, the best way to do this is 
with complete cessation of both habits if this is possible. The emphasis placed by the 
author on the early detection of these defects is of primary importance because, once 
patients have reached the age where optic atrophy is apparent, they most often never 
recover lost vision and retain central scotomata for the remainder of their lives. If the 
disease does not come on concomitantly in both eyes, loss of central vision in one is usually 
sufficient to encourage the patient to abstain from tobacco and alcohol if he is told that 
the disease is a bilateral one. 

Tuomas R. Hepags, Jr. 
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RETINA 
PSEUDOXANTHOMA ELASTICUM 


G. M. BEeRLYNE 
Manchester, England 
Lancet 1960, 1: 77-80 


Pseudoxanthoma elasticum, or Grénblad-Strudberg syndrome, consists of a 
wide-spread alteration in the elastic tissues. The result is a characteristic skin 
lesion, angioid streaking of the retina, and sometimes gastrointestinal bleeding, 
which may be fatal. The author’s case was first recognized after vomiting blood. 
The patient’s sister had the characteristic eye and skin changes, but no other 
stigmata. The rest of the family was normal. 

The most striking features are the skin and retinal changes. The skin lesion 
may appear during the first decade, but often not until the second or later. They 
are located chiefly on the neck, axillae, anticubital areas, inguinal region, and 
periumbilical skin. Characteristically, the lesions resemble coarse Morocco 
leather, with slightly yellow elevations; these parts of the skin may be pendant. 
Buccal, vaginal, and rectal changes have been reported. However, histological 
changes may be present in the skin without visible lesions. 

Though it is not always present, the outstanding change is angioid streaking of 
the retina, with the gray to red-brown streaks radiating outward from the optic 
disk. Macular or perimacular hemorrhages, colloid bodies, or chorioretinitis 
may also be present. 

Massive gastrointestinal hemorrhage is common and sometimes causes death. 
Many hematemeses sometimes occur before the diagnosis is made, and the 
disease sometimes is recognized only on histological examination of the stomach 
after gastrectomy. The mucosal surface may ooze blood without discrete bleeding. 
McKusick thinks that all cases of gastrointestinal hemorrhage should be exam- 
ined for pseudoxanthoma elasticum. Hemorrhages from the nose, uterus, and 
bladder, and into the subarachnoid space have also been reported, and arterial 
complications may be noted. 

Like prognosis is good if the patient does not die from hemorrhage or coronary 
atherosclerosis or hypertension. The eye complication cannot be treated and 
may lead to blindness. 

Pseudoxanthoma elasticum is rare in successive generations, but common in 
siblings, which suggests a recessive inheritance. However, too few genetic studies 
have been made to be conclusive. 


Comment: This is an excellent presentation of the current knowledge concerning an 
unusual syndrome. Although rare it is a disease that should be known by the ophthal- 
mologist. Although the classic fundus change is angioid streaks, I have seen cases where 
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the eye pathology was macular degeneration without angioid streaks. Whenever one has 
a patient with macular degeneration, especially between the ages of 15 and 40, it is wise 
to look for the changes of pseudoxanthoma elasticum. 

ALBERT N. LEMOINE, JR. 


A NEW OPHTHALMODYNOMETER 


M. Mikuni anp T. YONEYAMA 
Niigata, Japan 
Klin. Monatsbl. Augenh., 1960, 136: 21-34 


All ophthalmodynometers are based on the same principle: when pressure on 
the eyeball causes the central retinal artery first to pulsate, and then to collapse, 
the diastolic and systolic pressures are demonstrated. A number of methods for 
taking these measurements have been developed, each with certain advantages 
and disadvantages. 

According to Kukan, all ophthalmodynometers to date have a weakness in 
that they produce congestion in the vessel before the intraocular pressure is 
raised to the necessary level, so that the measurements based on observations of 
pulsation and collapse are too high. The eyeball may be pressed against the orbit 
so that pressure against the retrobulbar structures may cause congestion. 

The more rapidly pressure can be raised, the more accurate is the measure- 
ment. Based on this observation, Kukan has developed a new instrument. First, 
a sucking disk placed on the eyeball produces a negative pressure, while a posi- 
tive pressure develops at the rim of the disk. The apparatus consists of 
the sucking disk, a vacuum meter, a negative pressure generator, and a con- 
necting rubber tube. 

Using the sucking cup for producing pressure prevents pressing the eye to- 
ward the nasal side of the orbit and also facilitates maintaining the eye in a posi- 
tion which is convenient for observation. The rubber tube is pinched off when 
the negative pressure has reached between 10 and 20 mm. Hg, a point sufficient 
to cause the desired vascular phenomena. The intraocular pressure is produced 
so quickly that no congestion occurs in the vessels before the pulsation point is 
reached and therefore the measurement is more accurate than any previously 
possible. 

We have modified this instrument in order to obtain even more exact measure- 
ments. The parts of our instrument are the same as in Kukan’s, but we have de- 
veloped a series of sucking disks in trumpet shape and in different sizes to fit 
different eyes and to facilitate placement when palpebral fissures are narrow. 
We have also refined various other details. The instrument has now been tested 
on 200 eyes of 130 persons, and the optimal use of different sucking disks has been 
determined. 
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Comment: The employment of negative pressure serves two purposes at once, the eye 
to be examined is kept in position without discomfort to the patient, without pressure 
upon the retrobulbar structures which might produce congestion in the vessels to be 
studied before the intraocular pressure has reached sufficient height to give rise to the 
desired vascular phenomena, and without causing a deformity of the cornea which might 
interfere with ophthalmoscopy; at the same time, this negative pressure within the suction 
cup generates a positive pressure at the rim of the cup, which is easily modified and meas- 
ured. Speed appears to be another advantage in the performance of this apparatus. 

With the increasing importance of ophthalmodynamometry in the differential diagnosis 
of intracranial vascular disease an improved method such as the one described by the 
authors should be given a wide trial. 


BertHa Kien 


MEASUREMENT OF RETINAL ARTERIAL PRESSURE 


Henry P. WAGENER 
Rochester, Minnesota 


Am. J. Med. Sci., 1960, 238: 211-229 


Though the type of sphygmomanometer now in use was invented by Riva- 
Rocci in 1896, it was not until after 1910 that they were very generally used by 
practicing physicians. It was about this time that interest was aroused in de- 
vising methods for measuring the pressure in the arteries of the retina. However, 
it was not until after Bailliart presented his ophthalmodynamometer in 1917 that 
clinical study of retinal arterial pressure really began. Duke-Elder, in 1926, 
called attention to the fact that the readings obtained by pressure on the eye, as 
in Bailliart’s method, indicate the lateral pressure in the ophthalmic artery and 
not in the branches of the central retinal artery. 

Retinal arterial pressure in systemic hypertension. It is generally agreed in this 
country that studies of the retinal arterial pressure are of little value in the 
management of patients with systemic hypertension. At the 1950 International 
Congress, both Schiff-Wertheimer and Dubois-Poulsen and Miller supported the 
thesis that changes in the retino-humeral ratio give an earlier indication of the 
onset of the malignant phase of hypertension than do ophthalmoscopic changes. 
The former noted also that measurement of the retinal arterial pressure may help 
to distinguish between hypertonic and organic changes in the walls of the retinal 
arterioles. Several observers have studied the effect of anti-hypertensive measures 
on the retinal arterial pressure. While the systemic pressure always fell, the 
retinal artery pressure fell very little in both the reclining and standing positions. 

Retinal arterial hypotension and optic atrophy. Retinal arterial hypotension is 
present and helpful in the diagnosis of cases of postural hypotension, aortic arch 
syndrome and pulseless disease. 

Retinal arterial hypertension and increased intracranial pressure. Luo and Ch’en 
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stated in 1939, ‘“Probably the most important practical application of ophthalmo- 
dynamometry is the estimation of the intracranial pressure by determining 
retinal vascular pressures. When the intracranial pressure is raised experimentally 
or by disease, the retinal vascular pressure become also elevated.’’ However, 
Morsier, Monnier, and Streiff found that intracranial tumors were associated 
more often with normal or low than with high retinal arterial pressures. They 
concluded that in a patient with signs of cerebral disturbance but no papilledema, 
the presence of retinal arterial hypotension, far from ruling out a brain tumor, 
should on the contrary make it more probable. Weigelin and co-workers stated 
that ophthalmodynamometric measurements were valuable in the study of 
headaches of undetermined origin. He found 61.5 per cent of 215 patients showed 
evidence of a disturbance of intracranial circulation and that his tests could 
differentiate between vasospastic and vasodilating disturbances. 

Retinal arterial pressures in internal carotid occlusions. In 1946 and again in 
1950, Milletti listed the features of his so-called tonometric retinal syndrome 
which he considered to the pathognomonic of unilateral internal carotid occlu- 
sion, lower systolic arterial pressure in the ipsilateral eye even if the diastolic 
pressure is the same in each eye, the arterial pressure is not altered in either eye 
by compression of the presumed occluded carotid; the arterial pressure is lowered 
in both eyes, but to a greater degree in the contralateral eye, by compression of 
the presumably normal carotid. These are accepted today as the characteristic 
signs of carotid occlusion, but many observers hesitate to compress the normal 
carotid because of the danger of producing focal cerebral ischemic lesions. In 
1953 Thomas and Petrohelos found that the difference between the pressures in 
the two eyes of 50 normal controls ranged from 0 to 15.4 per cent for the diastolic 
and from 0 to 12.6 per cent for the systolic pressure. In cases of carotid occlusion, 
the difference in pressures was much higher, ranging from 0 to 77.5 per cent for 
the diastolic and from 2.2 per cent to 56.9 per cent for the systolic. These figures 
would seem to indicate that the drop in pressure was greater in the diastolic and 
not in the systolic as Milletti believed. 

The symptomatology of thrombosis of the internal carotid artery. Reports of single 
or groups of cases by various authors have confirmed the diagnostic significance 
of retinal arterial pressure measurements in occlusive lesions of the internal 
carotid artery. Differences between the arterial pressures in the two eyes greater 
than 15 per cent are rare apparently. Hollenhorst called attention to two phe- 
nomena which he observed in his series of patients with thrombosis of the in- 
ternal carotid artery. Cotton-wool patches were present in the retina of the ipsi- 
lateral eye in 4 of 38 cases, and hypertensive changes in the retinal arterioles were 
of lower grade in the ipsilateral eye in two patients who had hypertension as 
well as carotid thrombosis. These findings would suggest that a number of the 
cases were in the stage of intermittent insufficiency rather than of complete 
occlusion when the attacks of transient blindness occurred. 

Intermittent insufficiency of the carotid arterial system. Hollenhorst, in 1958, re- 
ported the retinal arterial pressure significantly lower on the affected side in 70 
per cent of 83 cases of carotid insufficiency and in 76 per cent of 33 cases of carotid 
thrombosis. The pressures in the two eyes were equal in 24 per cent of the in- 
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sufficiencies and in 21 per cent of the thromboses. The pressure was higher in the 
eye of the involved side in 6 per cent of the insufficiencies and in 3 per cent of the 
thromboses. Usually the pressure in the eye on the affected side was about 25 to 
50 per cent of that in the other eye. 

Ophthalmodynamometric studies in carotid ligations. Svien and Hollenhorst in 
1956 reported that the retinal arterial diastolic pressure was significantly lowered 
in all of 11 cases in which the internal carotid artery was ligated and that the 
low pressure was maintained for up to 10 years. Blodi and Van Allen determined 
that percutaneous digital compression of the cervical carotid system produced 
an average drop of 50 per cent in the systolic or diastolic retinal pressures or in 
both in 9 of 10 cases. Lobstein et al. (1953) stated that measuring the retinal 
arterial and carotid pressures seemed to be of real value in enabling the surgeon to 
adjust the ligature of a carotid so as to make it effective in producing a sufficient 
but not dangerous reduction in cerebral blood flow. 

Mechanism of the transient attacks in occlusive lesions of the carotid arteries. In 
the 1958 report of the A.M.A. committee of cerebrovascular diseases it is stated 
that: ““The mechanism of the recurrent ischemic attack is far from a settled 
matter... . / As yet there is no proof that vasomotor phenomena play any 
part. ... It has been shown that anticoagulants abolish the attacks in most cases 
but it is not clear how this is achieved. 

Treatment of occlusive disease of the carotid artery. Good results from the treat- 
ment of intermittent insufficiences of the internal carotid artery with anticoagu- 
lants have been reported by various authors. The reason for the effectiveness of 
this treatment is not entirely clear. 

Indications for ophthalmodynamomeiry. Measuring the retinal arterial pressure 
is requisite in the study of all cases of amaurosis fugax to distinguish between 
those due to occlusive lesions in the common or internal carotid arteries and those 
due to local lesions in the retina or to functional causes. In some of these cases it 
may lead to the diagnosis of the aortic arch syndrome or pulseless disease. Oph- 
thalmodynamometric studies are indicated before, during and after surgery, in 
cases in which ligation of the common or internal carotid artery is planned for the 
treatment of a bleeding aneurysm of the circle of Willis. It is of value to the neu- 
rologist in the differential diagnosis of ‘‘strokes”’ and especially in the diagnosis 
of intermittent insufficiency of the internal carotid arterial system (recurrent 
focal cerebral ischemic attacks). 


Comment: Our increasing experience and dexterity with ophthalmodynamometry has 
also proved useful in modifying and correcting accepted diagnostic aids such as Milletti’s 
triad, widely used by neurological and neurosurgical services in the diagnosis of occlusion 
of the internal carotid. Van Allen and Blodi found that compression of the common 
carotid artery on the side of an occlusion of the internal carotid produced significant 
lowering of the retinal systolic arterial pressure of the homolateral eye in 5 out of 6 cases, 
disproving point two of this triad. Milletti had stated that the systolic arterial pressure 
was not affected by compression of the common carotid on the same side, which would 
not be in keeping with our knowledge of a collateral circulation from the external carotid 
to the ophthalmic artery. 

This excellent review should also clarify for the attentive reader other points, such as 
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when to use systolic readings and when to be satisfied with diastolic readings of the central 
retinal artery pressure, and at what levels of pressure certain differences between the 
two eyes are of diagnostic value. 

BertTHa Killen 


COMPENSATORY MECHANISMS IN OCCLUSIVE VASCULAR 
DISEASE OF THE BRAIN 


BERNARD J. ALPERS 


A.M.A. Arch. Neurol., 1959, 7: 531-534 


EDITORIAL 
THE ANATOMICAL BASIS 


It seems reasonable to assume that after occlusion of one of the major blood 
vessels of the brain adequate compensatory or collateral circulation must de- 
velop in order to confine the resulting brain softening within minimal limits, as 
well as to provide adequate channels for recovery of the brain tissue. As in the 
case of other forms of cerebral vascular disease, there are many unresolved issues 
which confront the clinician after thrombosis or embolism of a brain vessel. Chief 
among these is the problem of the anatomical basis by which compensatory cir- 
culation is provided, once a vessel has been closed by thrombosis, embolism, or 
atheromatous degeneration. 


ANATOMY OF THE CIRCLE OF WILLIS 


Though anatomical studies of the configuration of the circle of Willis are avail- 
able, clinical neurology appears to have had difficulty in making fruitful use of 
them. It has been known for some time that anomalies of the circle are common, 
but for the most part this fact has been tucked away as an interesting anatomical 
observation without clinical importance. It is difficult to escape the conclusion 
that anomalies play a significant role in the compensatory circulation following 
vascular occlusion and that, apart from the factor of disease of the vessels, col- 
lateral circulation within the circle itself should be more efficient in a normal 
than in an abnormal circle of Willis. All available investigations indicate that in 
only about 50 per cent of cases is there a true, normal circle. In a recent study of 
350 dissections of the circle of Willis in normal brains, a normal circle was found 
in only 52.3 per cent (Alpers, Berry, and Paddison‘). 

The vertebral-carotid relationship is maintained for the most part in the circle 
of Willis. A complete separation of the two segments of the cerebral circulation 
due to absence of both posterior communicating arteries has been reported only 
rarely. In similar fashion, the connection between the two sides of the cerebral 
circulation through the anterior communicating artery is rarely lost. It seems 
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quite apparent, therefore, that insofar as the side-to-side and anterior-posterior 
connections of the circle of Willis are concerned, there is a large factor of safety. 

On the other hand, anomalies are frequently present which may have clinical 
meaning. More of these involve the posterior part of the circle, particularly the 
posterior communicating arteries, where string-like vessels with narrowed lumens 
are common (26 per cent) on one or both sides. Despite the narrowed channels 
seen in the anomalous string-like vessels, there is no decisive evidence that the 
vertebral-carotid circulation is embarrassed under normal circumstances. Or, it is 
safe to say that there appear to be no recognizable clinical symptoms which result 
from narrowed posterior communicating channels. If, on the other hand, occlu- 
sion develops in either the internal carotid or the vertebral circulation, a string- 
like posterior communicating artery may interfere with compensatory circulation 
from either of the segments of the circle of Willis, particularly if the posterior 
communicating artery is further narrowed by atheromatous changes. Evidence 
appears to be accumulating which indicates that with the development of ather- 
omatous disease and changes in pressure relationships between the vertebral and 
the carotid segment of the circle of Willis, each of these becomes quite dependent 
on blood supply from the other. What develops in the brain after internal carotid 
artery occlusion may be greatly affected by the condition of the vertebral-basilar 
segment, and both segments, in turn, are dependent on the condition of the pos- 
terior communicating artery. This holds true for the development of compensa- 
tory circulation within the circle of Willis itself. 

Under some circumstances the posterior communicating artery may be absent 
on one side, the artery of the other side remaining normal or being string-like. 
It is easy to visualize in a condition such as this the importance of establishing 
compensatory circulation through the other side, where the posterior communi- 
cating artery is still present, or by means of extracranial channels on the side of 
the absent artery, in the case of occlusion either in the carotid or in the vertebral 
segment of the circle of Willis. That such compensation may become established 
if there are good side-to-side connections by means of the anterior communicating 
artery is easy to imagine, but this may be impaired or lost in the presence of 
disease of this artery. On the whole, there is a large factor of safety by means of 
duplicate and triplicate anterior communicating arteries, but this vessel is as 
often single as it is multiple, and narrowing or occlusion of its lumen may seriously 
interfere with side-to-side compensation, which is vital in the presence of an 
absent posterior communicating artery of one side. 

What role is played by multiple anomalies of the circle of Willis is difficult to 
evaluate. These are very common and involve many patterns. One of the com- 
monest, to cite a single example, consists of a string-like posterior communicating 
artery, or one preserving the embryonic derivation of the posterior cerebral from 
the internal carotid artery, and duplicated anterior cerebral vessels. It is only 
possible to reflect that multiple anomalies must play fully as significant a role in 
compensatory brain circulation as do single ones. 

One of the common anomalies of the circle of Willis is that of emergence of the 
posterior cerebral from the internal carotid artery (15 per cent), readily seen by 
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arteriography. With development of occlusion of the internal carotid artery in 
the neck or within the skull below the junction of the two vessels, it can readily 
be seen that an embryonic posterior cerebral artery could serve as an important 
means of supplying compensatory circulation from the vertebral-basilar segment 
of the circle of Willis. In middle cerebral artery occlusion it has been possible by 
arteriography to observe dilatation of an embryonic posterior cerebral artery, as 
a means of collateral circulation. 

The conclusion seems inescapable that anatomical variations in the circle of 
Willis are important in occlusive vascular disease for the establishment of com- 
pensatory blood flow through the circle itself. Unfortunately, there is no means of 
predicting or demonstrating in life the configuration of the circle. 

The problem naturally arises whether there is a relationship between the in- 
cidence of brain softenings and anomalies of the circle of Willis. In a study of 
194 brains with softenings (Berry and Alpers?) a normal circle was found in only 
one-third of the specimens, as compared with 52 per cent in normal brains. In 
this same series, absence of vessels was found in 1.5 per cent (normal 0.6 per cent); 
stringlike vessels were observed in 43 per cent (normal, 26 per cent), and dupli- 
cated vessels, in 19 per cent (normal, 17 per cent). In hemorrhage no change 
from normal was found. Brain softening due to vascular occlusion appears to be 
more frequent in the presence of anomalies of the circle of Willis, especially of 
string-like posterior communicating arteries. 


COMPENSATORY MECHANISMS IN VASCULAR OCCLUSION 


Indirect evidence of the role of compensatory circulation is readily seen after 
occlusion of one of the major blood vessels of the brain. The brain may react to 
such an occlusion by no softening, minimal softening, or breakdown of tissue 
of varying extent. Pathological studies reveal that this is true in the case of in- 
ternal-carotid and basilar-artery occlusions. When frank softening develops after 
occlusion of the internal carotid artery, its maximal extent is found in the middle 
cerebral artery distribution, the anterior cerebral escaping in most instances 
(Berry and Alpers*). In other instances of internal carotid artery occlusion, when 
enough time has elapsed for complete breakdown of tissue, there may be no 
softening whatever, incomplete softening, or small areas of breakdown of tissue 
of varying extent. The basis for these variations, in the case of occlusion of any 
vessel, is in part anatomical, and is dependent on the efficacy and extent of the 
compensatory circulation. 

The available compensatory channels after vascular occlusion have been 
studied largely by means of arteriography. Though this method has short- 
comings, it at least provides information, necessarily incomplete, regarding col- 
laterals in the living subject. In the case of internal carotid artery occlusions com- 
pensatory blood flow is established by the following channels: 

1. Through the circle of Willis, from the opposite internal carotid artery 

2. Through the external carotid artery of the side of occlusion by its various 

branches into the ophthalmic artery 

3. From the vertebral system through the circle of Willis 
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4. Through the external carotid artery into the vertebral system 

5. Through the ipsilateral anterior and middle cerebral arteries 
The channels of collateral blood flow for other vessels remain to be determined, 
and it is probable that other channels exist for carotid occlusions. It is quite 
probable that a study of a large series of occlusions would demonstrate that 
there are patterns of compensation, but that the development of compensatory 
circulation is an individual one, dependent on many systemic factors. The role 
of meningeal anastomoses in the development and containment of softenings is 
not yet clear (vander Eecken, Fisher, and Adams‘). It remains to be determined 
whether blood may be sent in significant degree through meningeal anastomoses, 
from one area of supply to another. 


THE PROBLEM OF THROMBOSIS 


The opinion has gained ground that thrombosis as a cause of brain softening is 
rare or uncommon, and that it cannot usually be found at autopsy. From this 
has developed the concept of infarction without evidence of occlusion, and the 
belief that necrosis or softening of brain tissue may result if vascular insufficiency 
is maintained for a sufficiently long period. In a study of 354 pathological speci- 
mens with softening, thrombosis involving one of the larger cerebral vessels was 
found in 75 per cent, where the clinical diagnosis indicated its probable presence 
and the vascular tree was carefully investigated for such occlusion (Berry and 
Alpers’). It is clear from this study that thrombosis is not rare and that, when 
sought for in proper cases, it is usually found. The crucial group is composed of 
the 25 per cent in which no thrombosis is found. It remains to be determined 
whether thromboses can be found in such instances. In the case of softenings in- 
volving small, deep-penetrating vessels, failure to demonstrate thrombosis cannot 
be regarded as conclusive without serial-section study of the affected areas. From 
an anatomical standpoint it is difficult to see how actual breakdown of tissue, 
resulting in frank softening, can develop without occlusion of a blood vessel. 
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THE OCULAR MANIFESTATIONS OF INTERNAL CAROTID 
ARTERIAL THROMBOSIS 


Rospert W. HoLLENHORST 


M. Clin. of North America, 1960, 44: 897-908 


Sixty-five per cent of the patients who have insufficiency or thrombosis of the 
internal carotid artery have symptoms or signs of ocular disturbance. The ocular 
manifestations of insufficiency or thrombosis of the internal carotid artery include 
amaurosis fugax, occlusion of the central or branch retinal artery, transient or 
permanent homonymous hemianopsia, cotton-wool patches in the retina, asym- 
metric hypertensive changes in the retinal arterioles and unequal pressures in the 
ophthalmic arteries of the two eyes. A few patients have anisocoria or even 
Horner’s syndrome. 

Ocular symptoms and signs are more common among patients who have inter- 
mittent insufficiency of the carotid artery than among those who have occlusion 
of the carotid artery. There is a high incidence (56 per cent) of amaurosis fugax 
among patients with partial occlusion, whereas an incidence of only 5 per cent 
was found in patients with complete occlusion. 


AMAUROSIS FUGAX 


Amaurosis fugax is the most common ocular symptom of insufficiency of the 
carotid artery. It occurs in the eye of the same side as the involved carotid artery. 
The patient experiences recurrent attacks of partial or complete loss of vision in 
this eye. The frequency of these episodes may vary from once every 3 weeks to 
10 or more times daily. A typical attack starts as a sudden painless loss of vision, 
coming without prior warning, and reaching its maximum in a few seconds. The 
vision gradually returns during the next 5 minutes or so, but occasionally it takes 
an hour or two. 

The cause of amaurosis fugax is unknown. Some observers have expressed the 
opinion that the visual loss results from spasm of the internal carotid, the oph- 
thalmic or the central retinal artery; other observers are equally certain that the 
attacks result from emboli. There is good evidence that either one or both factors 
may be concerned in individual cases. At times also fluctuations in the blood 
pressure may trigger these attacks. 

Arterial spasm may be precipitated by an atheroma in the lumen of the artery. 
Whether or not amaurosis fugax may be caused by thrombi or by cholesterol 
crystals dislodged from an atheromatous plaque in the carotid artery is a matter 
of conjecture. 

Vascular hypotension may produce amaurosis fugax and other manifestations 
of intermittent insufficiency of the carotid artery. A number of my patients had 
symptoms only on assuming the upright position. Ophthalmodynamometry re- 
vealed a marked orthostatic hypotension in the ophthalmic artery. About three- 
fourths of the patients who have carotid occlusive disease have lower ophthalmic 

















CLINICAL PRACTICE 149 


arterial pressure on the affected side; of these, more than half have much lower 
readings in the standing than in the supine! position. This orthostatic drop in 
blood pressure is usually not observed in the contralateral eye unless there is 
systemic postural hypotension. Patients who have recently undergone carotid 
endarterectomy demonstrate this orthostatic drop in ophthalmic arterial pressure 
more markedly. 


VISUAL DEFECTS 


The visual defects associated with partial or complete insufficiency of the 
carotid artery are of three kinds: (1) visual loss only in the homolateral eye; (2) 
occlusion of a retinal or a branch artery in the homolateral retina and 
homonymous hemianopsia to the opposite side; and (3) homonymous hemi- 
anopsia with slight incongruity. This phenomenon apparently results from ische- 
mia of orbital structures and simultaneous cerebral infarction due to occlusion 
of the middle cerebral artery. 


UNILATERAL RETINOPATHY 


Of the 124 patients in my study, 15 had from 1 to 10 cotton-wool patches in 
the nerve-fiber layer of the homolateral retina. About one-third of these patients 
had demonstrable mild field defects of retinal vascular origin. This phenomenon 
probably results from retinal ischemia; in some cases from actual occlusion of 
tiny arterioles, and in other cases from hypotensive ischemia. 


ASYMMETRIC HYPERTENSIVE CHANGES IN RETINAL VESSELS 


Of the 124 patients, 10 had less hypertensive change in the retina on the side 
of the affected carotid artery than on the other side. All patients who had asym- 
metric hypertensive changes had the less severe changesin the eye with the lower 
ophthalmic artery pressure and on the same side as the occluded carotid artery. 

Blood pressure in the ophthalmic artery in normotensive individuals is norm- 
ally lower than that in the brachial artery; the diastolic pressure is about 45 per 
cent, and the systolic pressure is about 55 per cent, of the brachial blood pressure. 
Therefore, diastolic pressures in the ophthalmic artery are usually in the range of 
25 to 40 mm. of mercury, and the systolic pressures are usually in the range of 60 
to 75 mm. of mercury. Hypertensive cardiovascular disease, increased intracranial 
pressure and occlusive disease of the basilar artery may raise these levels. A 10 
per cent difference is a significant one when the measurement is done by experi- 
enced individuals. 

In practice, a diastolic pressure lower on one side by 5 mm. of mercury or more 
is significant when the pressure is less than 50 mm., or a systolic or diastolic pres- 
sure lower on one side by 10 mm. or more is significant when the pressure is more 
than 50 mm. of mercury. A lower pressure on the ‘‘wrong side” may indicate bi- 
lateral occlusive disease with the more severe occlusion on the asymptomatic 
side. Equal pressures do not rule out carotid pathology. 

The pressure in the ophthalmic artery on the affected side often drops con- 
siderably below that on the other side when the patient is in the sitting or stand- 
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ing position, whereas the pressures may be equal on the two sides when he is 
supine. This is especially true shortly after endarterectomy for occlusive carotid 
disease. When pressure is being measured in several positions, it is important to 
determine the intraocular pressure prior to ophthalmodynamometry, because a 
few measurements produce a marked fall in intraocular pressure and may lead 
to erroneous ophthalmodynamometric readings. It is necessary to delay repeated 
ophthalmodynamometry until the intraocular pressure returns to the original 
levels. 

It has been generally true that in the patient who is under anticoagu- 
lant therapy, although all symptoms are controlled, the ophthalmic arterial 
pressures will not change from the pretreatment level. On the other hand, when 
the atheroma is removed surgically, the ophthalmic arterial pressures almost in- 
variably return to normal. In some instances removal of the atheroma results 
in a higher level of blood pressure in both ophthalmic arteries than existed pre- 
operatively. 


MISCELLANEOUS OBSERVATIONS 


Carotid occlusive disease does not as a rule cause a disturbance in the intra- 
ocular pressure as measured with the Schigtz tonometer. Paralysis of the extra- 
ocular muscles has not been encountered in association with carotid artery occlu- 
sive disease in this series. 

The literature contains fairly numerous references to the presence of pupillary 
abnormalities in cases of occlusive arterial disease. Some reports mention a large 
pupil, and others a small pupil on the side of the occlusion. I have seen three 
patients who have had complete Horner’s syndrome on the side of the affected 
carotid artery, and two who have had smaller pupils on the affected side. Pre- 
sumably the sympathetic fibers are damaged occasionally by ischemic or fibrous 
changes in the sheath of the internal carotid artery. 


(See editorial comments following next paper). 


OCULAR MANIFESTATIONS OF VERTEBRAL-BASILAR ARTERIAL 
THROMBOSIS 


Tuomas P. KFrarRNs 


M. Clin. North America, July, 1960, 44: 909-915 


Patients with occlusive disease of the vertebral-basilar system frequently have 
ocular signs and symptoms as an early manifestation of their disease. 

Statistical evaluation of 183 patients with occlusive disease of the vertebral- 
basilar arterial system was carried out by Minor and associates. One hundred 
forty-four (79 per cent) of the patients in this study presented some ocular 
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abnormality. Blurred vision involving the entire visual field of both eyes was 
the most common ocular symptom and occurred in 73 (40 per cent) of the 183 
patients. This blurred vision varied from transient episodes of loss of vision to 
periods of total blindness. 

The next most frequent ocular symptom was double vision which was experi- 
enced by 50 of the 183 patients. The double vision was caused most often by an 
internuclear ophthalmoplegia. A lesser number of patients exhibited paresis of 
conjugate gaze or paralysis of a lateral rectus muscle. One patient had a limita- 
tion of vertical conjugate gaze. In the majority of these patients with oculorota- 
tory findings a variance from day to day and in some instances from hour to 
hour was noted by a number of examiners. 

Homonymous hemianopsia was the next most frequent ocular finding. It was 
bilateral in 26 patients and unilateral in another 21 patients. 

Nystagmus was found in 18 patients, not including those with internuclear 
ophthalmoplegia. 

Other less common ocular findings were pupillary abnormalities including 
anisocoria and Horner’s syndrome. Ptosis of the upper eyelid was noted in 8 of 
the patients. Visual disturbances usually in the form of scintillating scotomas 
were noted by another 8 patients. One of the most common combirations of 
ocular symptoms and certainly the one with the most diagnostic importance was 
the presence of bilateral homonymous hemianopsia associated with internuclear 
ophthalmoplegia. 

A typical case history is reported. 

From the ocular standpoint the sudden onset of bilateral homonymous visual 
field defects is typical of occlusive disease of the vertebral-basilar system. If the 
patient also has an associated internuclear ophthalmoplegia, the combination is 
pathognomonic of such occlusive disease. Many of these patients with occlusive 
disease of the vertebral-basilar system exhibit to some degree a phenomenon 
referred to as being “‘blind to their blindness.” By this we mean that the patient 
is almost blind, and yet he insists that he is able to see well. This makes testing 
of the visual acuity and especially of the visual fields extremely difficult. Such 
patients appear to be visually disoriented. Proper interpretation of the visual 
field defects often is made more difficult by the confused state of the individual. 
Central vision often is spared in these patients, but the central field will be so 
small that it is extremely difficult to demonstrate. 

From the ophthalmologic standpoint the sudden and simultaneous develop- 
ment of bilateral homonymous defects of the visual field and signs of a lesion in 
the brain stem such as nystagmus or internuclear ophthalmoplegia are diagnostic 
of occlusive disease of the vertebral-basilar arterial system. Transient ocular 
symptoms such as blurred vision in both eyes without explanation on examina- 
tion of the fundus, episodic diplopia and episodic nystagmus may represent the 
early symptoms of insufficiency of the vertebral-basilar arterial system. 


Comment: This paper concerning the basilar-vertebral circulation, and the paper of 
Dr. Hollenhorst concerning internal carotid thrombosis have intrinsic value and serve to 
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bring up to date our knowledge concerning symptomatology which until recently has not 
been understood or properly evaluated. 

Without having restudied all cases of vertebral-basilar arterial thrombosis we have 
studied, the higher incidence of bilateral homonymous hemianopsia struck me as partic- 
ularly noteworthy. 

Frank B. WALSH 


PULSELESS DISEASE, OR TAKAYASHU’S DISEASE: CASE REPORT 


J. M. Panwa, M. P. N. Panpy, anv D. P. Gupta 
Sitapur, India 
Brit. M. J., 1959, 2: 1489-1442 


Unilateral absence of pulse due to aortic aneurysm has long been known. 
Since Takayashu in 1908 reported a case of bilateral pulse absence with cataracts 
and unusual eye symptoms, slightly over 100 such cases of reversed coarctation 
have been observed. 

The disease is characterized by: (1) absence of palpable arterial pulse in the 
upper extremities, carotid, and superficial temporal arteries; (2) peripapillary 
arteriovenous anastomoses and microaneurysms; (3) hypersensitive carotid sinus 
with frequent vertigo and syncope, sometimes associated with convulsions and 
transient hemiparesis. Cataracts and absence of blood pressure in the upper 
extremities are also important signs. A complex of other common eye manifesta- 
tions have been called “‘ophthalmo-angiopathica-hypotonica,” recurrent blurring 
of vision being the commonest early symptom. A variety of other symptoms 
have also been reported. The disease usually becomes progressively worse, and 
between 14 to 14 years after onset terminates in blindness, chronic disability from 
cerebral ischemia, followed by death from cerebral infarction or myocardial 
disease. 

Pulseless disease occurs 10 times as often in women as in men, appearing at 
or after puberty. One type is compatible with a diagnosis of syphylitic aortitis, 
the other is not syphylitic and no cause has as yet been found. The basic lesion 
is occlusion of the great vessels, usually the brachiocephalic, subclavian, or 
carotid arteries, close to their origins, with consequent ischemia of the brain, 
eyes, and upper limbs. Collateral circulation may become more or less sufficient 
to compensate for the disease. 

The condition is not difficult to differentiate from temporal arteritis or pan- 
arteritis nodosa, both of which it resembles in some ways. Various devices, 
including steroid hormones and surgical operations have relieved symptoms in 
some cases, but so far no treatment has been found which controls the disease. 
The author reports a case with typical fundus changes, absent pulsation in the 
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upper limbs, cataracts, syncope, elevated blood pressure in the lower extremities, 
and a tendency to increased ocular tension and pigment deposit in the angle of 


the anterior chamber. Despite successful cataract extraction, the patient became 
blind. 


LESIONS OF THE MACULA AND PERIMACULAR REGION OF 
INVOLUTIONAL AND SENILE ORIGIN 


A. J. Exuior 


Department of Ophthalmology, University of Toronto, Toronto General Hospital, and 
Sunnybrook Hospital, Department of Veteran’s Affairs, Canada 


J. Michigan M. Soc., 1959, 58: 2002-2006 


In investigation of macular lesions, the most important symptom of which a 
patient complains is lack of his central vision in varying degree. Few diseases of 
the macula do not produce some significant loss of vision, thus bringing the 
patient for an examination. It is important to ascertain how long the vision has 
been defective in one or both eyes, and whether the defect in vision was gradual 
or rapid in onset. Patients with lesions of the macula almost never complain of 
pain in or around the eye. It has often been said that patients with lesions of 
the macula will complain of micropsia or macropsia or alterations in the color of 
an object. This symptom is, however, difficult to elicit. 

Subjective testing of the visual acuity is one of the most important means of 
diagnosing lesions of the macula; frequently, a patient will complain of missing 
a letter but can see the adjacent letter by changing the fixation of gaze slightly 
eccentrically. It is important to record the visual acuity accurately with and 
without spectacles, and with a pinhole disk after the vision has been determined. 
One can usually suspect a macular lesion when recording the visual acuity with 
a multiple pinhole disk before the patient’s eye. Lesions of the macula are most 
common among the elderly age group at which time other defects in the optical 
media are frequently present. It may be difficult to determine whether the visual 
defect is due to developing lens opacities or to an incipient macular degeneration. 

Most experienced ophthalmologists can carry out a satisfactory examination 
without dilating the pupils. The author, however, advises dilating the pupils in 
all cases, excepting the known glaucoma patients. A study of the visual fields 
will always reveal a central scotoma of a smaller or larger size, and this should 
be carried out in all patients where there is significant defect in vision; a small 
white-headed pin is very useful, and a scotoma can be quickly determined with 
reasonable accuracy. For record purposes it is necessary to repeat the test on 
the tangent screen. Fundus photography helps to determine with accuracy 
whether the lesion is increasing or decreasing in size. 
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In certain selected cases study of the uptake of radioactive phosphorus may 
be necessary, especially if a malignant tumor is suspected in the posterior pole 
of the eye. 

Lesions affecting the macular area may be divided into elevated and non- 
elevated lesions. Among the elevated lesions in the old age group, senile disciform 
degeneration is most common; it is characterized by a subretinal hemorrhage in 
the central area. This condition must be differentiated from malignant melanoma 
of the choroid. Malignant melanoma in the region of the macula is rare. Most 
elevated lesions in this region are either from inflammation or as a result of 
disciform degeneration, but are frequently diagnosed as a possible malignant 
melanoma. There are no lipoid deposits at the margins of the lesion in malignant 
melanomata. 

Inflammations affecting the choroid and the retina in the region of the macula 
are frequently the result of hypersensitivity. Macular edema, metastatic tumors, 
and hemangioma of the choroid are rare conditions. 

Senile degeneration of the macula is a common cause of failure of central 
vision in older people and is characterized by the appearance of degenerative 
changes, usually punctate in nature. In myopia, the atrophic process of stretch- 
ing results in choroidal hemorrhages, especially near the macula. Diseases affect- 
ing blood vessels occur after central retinal vein occlusion; circinate degenera- 
tion occurs in older people. Macular holes after contusions to the eye are not 
uncommon. 

The only recent advance in the treatment of macular lesions is the observa- 
tion that one of the major factors in the development of atherosclerosis is the 
study of the blood lipoproteins. Rapidly developing disciform macular degenera- 
tion showed the best results with treatment of intravenous heparin, for 10 or 
20 injections. 


Comment: The author states that it is very difficult to elicit and prove micropsia or 
macropsia in examining patients with macular disease. Since these subjective phenomena 
together with metamorphopsia are some of the most diagnostic findings in early macular 
disease a good method for their demonstration should be pointed out, namely the Amsler 
chart. The chart is used at reading distance before the eye to be tested after careful correc- 
tion of any refractive error and presbyopia. With it, we can demonstrate very rapidly 
the cardinal symptoms of earliest macular disease, namely metamorphopsia, which in- 
cludes micropsia and macropsia, and relative central scotoma, often of the positive variety. 

In the presence of metamorphopsia we know immediately that we are dealing with an 
irregular separation of the percipient retinal elements, either by edema or by spotty 
destruction. Micropsia suggests a more regular separation of the cones, usually by edema; 
macropsia indicates the opposite, a closer spacing and contraction of the visual cells so 
that more of them are stimulated by a given object. 

A relative scotoma, often in the presence of normal vision and described by the patient 
as brownish, gray, green or purple in color indicates an extravasation in the inner con- 
ducting layers of the retina. With the Amsler chart these changes can be demonstrated 
earlier and more definitely than with the Bjerrum screen. 

BertHa KulENn 
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DETACHMENT OF RETINA IN ECLAMPSIA OF PREGNANCY IN A 
SEVERELY ANEMIC PATIENT 


Jacop LANDAU, ZEEV Koren, AND ELianu SADOVSKY 
Jerusalem, Israel 


Obst. & Gynec., 1960, 15: 231-234 


While toxic retinopathy is not unusual in pregnancy, actual detachment of 
the retina is very rare. The author reports one case from 23,475 pregnancies, 
including 569 cases of toxemia and 33 of eclampsia. 

A young woman, small and somewhat retarded mentally, was admitted during 
the seventh month of pregnancy with a history of two abortions during the 
third month. She had severe anemia and mild toxemia. For 11 days she was 
given iron, folic acid, and vitamin By but without affect on her anemia. Her 
blood pressure began to rise on the tenth day, albumin rose to 2 gm. per 100 ml., 
and edema increased in the lower extremities. Among eye symptoms, severe 
generalized retinal detachment occurred in both eyes, with visual loss to finger 
distinction. She was given three transfusions of packed red cells over 6 days. 
During the last transfusion she had three eclamptic convulsions followed by 
coma. She was then treated with magnesium sulfate and morphine, intravenous 
hypertonic glucose, oxygen, and antibiotics. In 24 hours all symptoms were 
greatly improved, but fetal heart beats soon ceased. Three days later she gave 
birth to a macerated fetus, and after 6 days she left the hospital in good condi- 
tion. 

Four months later she was again pregnant, but did not seek medical advice 
after this first visit until the eighth month of pregnancy. At this time she was 
again severely anemic, and her retinas were edematous. The anemia improved on 
transfusion of packed red cells and retinal edema regressed strikingly. Labor 
pains began, and because of her history and uterine inertia a cesarian section 
was performed, resulting in a living and healthy infant. Eleven days later she 
was discharged in good condition. 

There is considerable evidence suggesting that, in addition to eclampsia, severe 
anemia may play an important role in producing edema leading to detachment 
of the retina. 
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SUPRACHOROIDAL IMPLANTATION OF THE INFERIOR 
OBLIQUE MUSCLE FOR RETINAL DEGENERATION 


Jesus V. Tamesis, Ponciano VerA Cruz, AND SERGIO MENDOZA 
Clinica Tamesis, Quezon City, Philippine Islands 
Phillippine J. Surg. & Surg. Spec., 1959, 14: 281-289 


Suprachoroidal implantation of the inferior oblique muscle was carried out in 
order to retard the degenerative process in retinitis pigmentosa. The authors have 
tried this form of surgery in 8 cases. Three additional operations were carried out, 
2 for high myopias, and 1 for choroidoretinopathy of probable diabetic etiology. 
These last 3 cases are still under study, and will be reported at a later date. 

The implantation of the inferior oblique muscle at the macular site for high 
myopia, progressive myopia, and for those associated with suspicious posterior 
staphylomas has been demonstrated in this series of patients. The insinuation 
under the sclera of the muscle is expected to improve the circulation of 
the macular bed. At the same time neovascularization carries with it the element 
of fibroblastic activity which could strengthen the thinned-out scleral wall. It is 
conceivable that by such developing fibrosis the choroid and sclera may be more 
intimately bound, diminishing the probability for further progress of the myopia 
and the staphylomatous process itself. 

The present study was undertaken not to find ways of restoring sight but rather 
to preserve what is remaining. Apparent effects of return of visual function were 
unexpected. 

The procedure might be applied in central occlusion and in cases of recurrent 
angiospastic retinopathy whose episodes leave progressive damage to central 
vision. 


Comment: The idea of establishing anastomotic channels and increase the blood supply 
to a retina which is damaged by degenerative disease is tempting. In the small series of 
cases where above authors tried to accomplish this with muscle implants between sclera 
and choroid the mode of action of this procedure was rather speculative; it is hoped that 
they will continue with these experiments and eventually have a more informative and 
better controlled series of cases. 

BertTHa KiIEN 














CLINICAL PRACTICE 157 


AN ANALYSIS OF THE RETINAL, CARDIOVASCULAR AND 
NEUROLOGICAL DISORDERS IN DIABETICS 
ATTENDING AN OUT-PATIENT CLINIC 


P. Markman, E. A. ALLEN, AND W. P. U. JAcKSON 
Diabetic Clinic, Groote Schuur Hospital and University of Cape Town, S. A. 
South African M. J., 1959, 33: 682-689 


Of the approximately 2,000 diabetic patients treated at the Groote Hospital, 
210 attended a special weekly clinic in this hospital’s Diabetic Out-patient De- 
partment. These patients, who formed the basis of this study, comprised 129 
Europeans (7.e., Caucasians) and 81 non-Europeans (43 Cape colored, 24 Malays 
and 3 Bantu). The sex ratio (149 females and 61 males) reflected the greater num- 
ber of women attending the Diabetic Out-patient Department as a whole. 

In 69 cases the diabetes was complicated by the specific retinopathy (hemor- 
rhages or aneurysms or exudates or all three). This represents a total incidence of 
32.9 per cent incidences of 44.2 per cent and 24.6 per cent in the females and 
males, respectively, and 21.7 per cent in the whites and 39.5 per cent in the non- 
whites. Retinopathy was present in 1 of 12 patients ages 19 years or under, 15 
per cent in the age group 20 to 39 years, 30.1 per cent in the group aged 40 to 59 
years, and 42.1 per cent in those aged 60 years and over. 

The high incidence of retinopathy in the nonwhite females as compared with 
the white females is not explained by age selection. It seems to account for the 
racial bias in the group as a whole as well as the difference between the two sexes 
irrespective of age. 

The relation between retinopathy, duration of the diabetes and degree of 


control in these patients was as follows: 
Percentage with 
retinopathy 
Duration of diabetes 
I xs sara brio b ca g Seance Oma mnele oles tetanic mies 27.4 


NN I oie headin Donewoepuunetaeee ctnuweekce wees. 50.0 
Control 

OR RO eee EE ee SI Re ey? 29.8 

Tai a he Nel apaar pt educa tect his pecan eet ae ea 25.6 

Fair gs ace ect a ahadaee i eoaiessgilt Pans afd cacbavens balan tac enest ate arcane omental 31.4 

Poor Oe ae ER oe i Rte Site Sr de Ae Siege oe Men al on, 54.3 


If the ‘‘poor” control group is separated from the other groups and the latter 
are considered together, analysis reveals a very significant difference between the 
“poor” control group and the remainder, the incidence of retinopathy being 
higher in the ‘‘poor” control group. 

The proportion of patients over 40 years of age was not very different in the 
two “duration” groups. The incidence of retinopathy rose with age, independent 
of duration. 
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No correlation was found to exist between insulin requirement and incidence 
of retinopathy. 

Coronary artery disease was present in 45 of the total of 210 patients. No 
race or sex differences were noted, and no correlation existed between incidence 
of ischemic heart disease and insulin requirement or diabetic control. Of the 45, 
32 were 60 years of age or over which may explain the higher incidence of heart 
disease found in those with diabetes of longer than 10 years duration. 

Neurological complications were present in 83 cases. Of the various aspects in- 
vestigated (age, sex, race, presence of vascular disease, leg pain, duration and 
control of diabetes, insulin requirements, etc.) the most significant influences 
appeared to be increasing age and poor control. 


Comment: This report from South Africa confirms studies conducted in many other 
parts of the world. The authors reviewed 210 consecutive patients with diabetes and found 
69 (33 per cent) who had diabetic retinopathy. The incidence was twice as high in those 
who had diabetes of 10 years duration than those who had it for less than 10 years. Fur- 
thermore, the incidence was higher in the group who were poorly controlled. The cor- 
relation of the neuropathy with the retinopathy is also confirmed by these authors. 

BERNARD BECKER 


DIABETIC RETINOPATHY: A NEW APPROACH 


NorMAN ASHTON 
London, England 
Lancet, 1959, 2: 625-630 


Diabetic retinopathy, which we can at present neither prevent nor remedy, is 
an increasing challenge to medical research. A number of different hypotheses as 
to its cause have been expressed, but none is entirely satisfactory and none offer 
a successful mode of therapy. 

Diabetic retinopathy is usually bilateral, though one eye may be more severely 
affected than the other. Microaneurysms in the posterior polar region are the 
first sign, and may be accompanied or preceded by venous engorgement, with 
lipid-rich exudates, which are especially frequent near the aneurysms. New ves- 
sels of two types may develop at any stage: (1) delicate intravitreous growth, 
which occurs with inadequate retinal criculation, and (2) coarser growth which 
develops into vitreous hemorrhage. Gradually as the disease develops, retinal 
arterioles narrow until finally their lumens are occluded, and new, dilated, ir- 
regular veins appear, accompanied by fatty degeneration of the adjacent tissues. 
Presumably as a result of arterial changes, cytoid bodies appear as cotton-wool 
exudates. Arterial changes are independent of hypertension, and retinal detach- 
ment or secondary glaucoma are not specific. 
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Retinal microaneurysms are spherical or oval distentions, 20 to 100 yu in di- 
ameter, usually formed on venous capillaries in the nuclear layers linking the 
deep and superficial plexuses. By injection and cast techniques, the author has 
found that the aneurysms usually originate in small capillary loops or kinks. 
Exudate containing mucopolysaccharide oozes through the walls, making them 
adherent and producing the dilatation which appears to be on one side of the 
parent capillary. Lesions of this type occasionally appear in conjunctiva, cornea, 
or vitreous, and have been considered as an abortive type of neovascularization. 
However, there is no evidence that the endothelium of retinal vessels is different 
from that elsewhere, and such lesions are rare except in the retina, do not appear 
generally in other anoxic regions, and have not been produceable when retinal 
vascular proliferation was experimentally induced. 

Even when retinal microaneurysms are very numerous on the retina they are 
rare elsewhere, except in the conjunctiva where they are independent of diabetes, 
and in the renal glomerulus. A common histogenesis of the latter and retinal 
lesions has been suspected, but there seems little correlation between either the 
incidence or the severity of the retinal and the renal aneurysms. Moreover, the 
retinal lesion originates in venous and the renal in arterial vessels. No one has 
ever produced the two together or the retinal ones at all, but the renal aneurysms 
have been experimentally produced in several forms. 

As information accumulates, it seems increasingly evident that retinal micro- 
aneurysms are peculiar to the retina in diabetes. In diabetics either the aneurysms 
or other vascular abnormalities may be present without the other, and similar 
aneurysms may appear in other disease syndromes. 

Retinal microaneurysms have been attributed to anoxia, based on vascular 
stasis leading to vascular obstruction, but no obstructions have been found in 
diabetic retinopathy. 

The lipid character of diabetic vascular disturbances has recently been studied 
in relation to both renal and retinal aneurysms. Fat emboli of various types have 
produced lesions suggesting a causative relationship, but the lesions ex- 
perimentally produced by Cook showed that tat emboli could not alone account 
for the aneurysms in the retina. Increased levels of lipoprotein in the blood have 
also been considered as possible causes, either by means of local depositions in 
the vessel walls, or as increasing viscosity of the blood, leading to stagnation in 
the smaller vessels and then to anoxia. While relationships have been observed 
between lipoprotein molecules and diabetic retinopathy and glomerulosclerosis, 
similar lipoprotein changes have been noted in other conditions without either 
the retinal or renal lesions characteristic of diabetes. Abnormal elevation of pro- 
tein-bound mycopolysaccharide underlying hyaline deposits has been thought 
possibly responsible for increased capillary fragility followed by formation of 
microaneurysms. While some evidence supports this concept, similar mucopoly- 
saccharides are present in a large variety of nondiabetics who have no retinal 
microaneurysms. Moreover, no concept of etiology based on lipids or lipopro- 
teins explains why these lesions should be confined to the retina when the same 
biochemical influences are present throughout the body. 
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Intramural factors due to pituitary dysfunction or variations in oxygen or 
carbon dioxide tension have also been implicated, but these theories are subject 
to the same sort of objection as the concepts already discussed. 

The possible effects of extravascular pathology on the vessels have been little 
explored. We have observed that high oxygen concentration obliterates immature 
vessels in the kitten’s retina, but not those in the mature cat. This occurs only 
in growing vessels and only in the retina. Transfer of the animal to air results in 
profuse vasoproliferation. Further investigation has eliminated effects on the 
vessels themselves or the production of any vasodilating substance. We therefore 
postulated compression of the vessels by swelling of the surrounding tissues. We 
then injected glycolysis inhibitors into the vitreous of kittens, and found that 
retinal vessels were fully obliterated, and that the obliteration closely resembled 
the obliteration caused by swelling of the adjacent tissues due to oxygen. We 
have not yet been able to obtain similar effects in adult cats. 

It is well known that ischemia due to obstruction of the central retinal artery 
causes a milky white opacity of the retina, which is believed to be caused by imbi- 
bation of fluid from osmotic attraction of catalytic products. Analagous processes 
occur in “cotton-wool” exudates, which in section are seen to consist of localized 
areas of swelling. Injection of these areas shows them to be entirely avascular, 
taking an oblong or square form, and exactly reproducing the biochemically 
produced lesions in kittens’ retinas. 

By injecting retinas from cases of malignant hypertension, we have nearly 
always produced microaneurysms, which were usually related to cotton-wool 
exudates at the junction of the normal and avascular tissue. Apparently at this 
point tissue pressure is enough to cause distortion and compression of the vessel 
with looping and local stagnation, but not obliteration. 

It seems therefore that the development of diabetic retinopathy is a slow se- 
quence closely paralling the development of oxygen-produced or experimental 
biochemical lesions and somewhat parallel to cotton-wool lesions. Apparently 
the high rate of glycolysis in the retina makes it particularly subject to 
disturbance of osmoregulation, resulting in retinal imbibation of water, and con- 
sequent turgescence. The rise in tissue tension leads to disturbed capillary cir- 
culation, anoxia, obstruction, and microaneurysm. 

This study is not proposed as a final solution, but appears to suggest a frame 
within which diabetic retinitis and related problems can be elucidated. 


Comment: In addition to providing a comprehensive summary of the present status of 
our knowledge about diabetic retinopathy, a thoughtful, provocative hypothesis of its 
pathogenesis is offered. The author proposes that as a consequence of diabetes, there is a 
failure of deturgescence of the retina resulting in obstruction to retinal capillaries and 
aneurysm formation. The hypothesis is particularly useful because it will undoubtedly 
stimulate research and suggest many new approaches to the problem. However, there 
is still overwhelming evidence that no hypothesis “is in harmony with all the known facts” 
and “none has provided a useful line of therapy.” 

BERNARD BECKER 
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SURGERY OF RETINAL DETACHMENT WITH A PLUG 


Hans Pau 
Ophthalmological Clinic of the University in Minster, Westphalia, Germany 
Ophthalmologica, 1959, 138: 12-34 


At present the chief problem of the ophthalmologist is the consideration of 
how best to approach the retina to the choroid (the pigment epithelium) in the 
area of the retinal hole, and thus to bring about a better and safer cure. Such 
an approach of the choroid to the retina is frequently the most efficient method 
of surgical cure of retinal detachment, since in the area of the tear the vitreous 
framework very often pulls the retina away from its base. 

Custodis developed a new method since 1949; an elastic plug (Polyviol) was 
firmly sutured to the sclera and thus an isolated point of pressure against the 
bulbar wall was achieved, resulting in an indentation. The author wishes to report 
in more detail on Custodis’ method, since he was privileged to follow it from its 
beginnings at the Ophthalmological Clinic of the Academy in Diisseldorf. Later 
on he carried out this operation in a large number of cases at the Eye Clinic of the 
University in Miinster. It is the great advantage of this method that the area of 
the pressure and the extent of the bulbar indentation may be varied at will. 
The experienced surgeon will require comparatively little time to carry out the 
operation. Most importantly, a very high percentage of even unfavorable de- 
tachments of the retina is cured. 

A short statistical review of the material operated on with plug suturing (with- 
out macular holes) at the Ophthalmological Clinic of the University in Miinster 
in the 3 years from 1955 to 1957 includes 433 cases of retinal detachment; 369 
or 85.2 per cent of them were cured anatomically. The figures refer to compara- 
tively uniform material, since the author either operated on these cases of de- 
tachment himself or else assisted at the operations in a position of responsibility. 

In order to evaluate the results more reliably for long-term effect, a follow-up 
was attempted after 14 to 2 years, either by the surgeon himself or by the oph- 
thalmologist in charge of the case. Such a check on results was carried out in 302 
patients. A cure was thus established in 254 cases, that is 84.1 per cent; 48 pa- 
tients or 15.9 per cent were not cured. 

If we consider only detachment of the retina with one or more holes (without 
aphakias, retinal dialysis, or macular holes) out of the total number of surgical 
cases of retinal detachment, the number of cases is 290, the cures 262, that is 
90.3 per cent, and failures 28, that is 9.7 per cent. 

As a mirror for the fundus we use the Hammer lamp with the cone of light 
decentered downward exclusively, also during surgery. The chief advantages of 
this method are the high degree of brightness, the independence from other 
sources of light, and the ease of transporting it (Klin. Monatsbl. Augenh., 1956, 
129: 691). It appears from the statistical analysis that retinal dialysis is most 
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TABLE 1 


Total Number of Cases 





Year No. of Cases 








| Cured | Not Cured 
— | | 
| | 
1955 128 108 = 84.4% 20 = 156% 
1956 144 122 = 84.7% 22 = 15.3% 
1957 | 161 139 = 86.3% 22 = 13.7% 
Total... | 433 | 369 = 852% | 64 = 14.8% 


! 





frequent in the second and third decade, while macular holes were ob- 
served chiefly in the sixth decade. It was also found that with increasing myopia 
retinal detachment occurs earlier in life, while with decreasing myopia—toward 
emmetropia and hyperopia—it appeared later. Fifty-six patients, that is 12.9 
per cent, were operated on a second time, two patients, that is 0.5 per cent, a 
third time. Among those operated on a second time, there were three recurrences 
after 2 months, two after 3 months, and one each after 4, 9, 10, and 11 months. 
Because of the likeliness of adhesions at the plug the second operation requires 
more patience and technical skill. To this is added the increased danger of per- 
foration in the area of the sclera. 

The operative procedure of surgery with a plug according to Custodis could 
be briefly characterized as follows: exposure of the sclera, exact localization of 
the tear or tears, setting of diathermy, preparation of the scleral suture, pulling 
the prepared threads over the plug or plugs, shortening the plugs and threads, 
continuous suture of the conjunctiva. 

The position of the sutures and therefore the position of the plug depends en- 
tirely on the retinal threads. If the holes are isolated, the plug should be vertical 
to the limbus and fastened by two sutures. If there are several holes, retinal 
dialysis or detachment without visible tear, plugs parallel to the limbus are pre- 
ferable. If, as will frequently happen, the tears are located at the insertion of the 
oblique muscle, then two thirds, of the insertion are excised. This hardly entails 
the danger of double vision. Diploplia is seen, however, comparatively often when 
the conjunctiva is not sutured carefully, not only at the margins of the wound, 
but rather widely. In case of large or even circular plugs parallel to the limbus, 
the author found it advisable to put two threads of Supramid between every two 
insertions of the smooth muscles. 

Even in cases of highly developed retinal detachment surgery is always carried 
out on the day after admission. A flattening of the detachment due to bedrest 
is almost never waited for. After surgery the retina was reattached after 24 hours, 
if the plug was fastened in the right place. In cases of very advanced detachment 
reattachment occurred after 2 days, that is to say, the retroretinal fluid was com- 
pletely absorbed within that period, even if the detachment had existed for some 
time. If the retina is not reattached after 24 hours, it must be suspected that 
there is either another tear that was not yet found, or that the hole treated by 
surgery still fistulizes; in the latter case several days’ bedrest is required. Another 
possibility is the occurrence of subretinal hemorrhage, which can be recognized 
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because of the darker color. In the usual cases of reattachment after 24 
or 48 hours, the patient is given pin-point spectacles, is given bathroom privi- 
leges and allowed to sit in a chair. He is usually dismissed from the clinic after 
pigmentation of the fundus over the plug, that is approximately 3 weeks after 
surgery. When the hospital facilities are overcrowded, it has been found safe to 
dismiss the patient after 17 days or even after a fortnight. 

Though normally postoperative irritability is slight, on occasion a strong ir- 
ritation with chemosis of the conjunctiva will occur. Even in such a case the 
plugs should not be removed; wet compresses should be prescribed and high 
doses of penicillin given intramuscularly because of the possibility of infection. 
After a few days the condition of irritation will subside, which might be a reac- 
tion to a foreign body or to Polyviol, or else an infection. Only in one case was 
removal of the plug promptly required because of an infectious process. 

In rare cases the plug is cast off through a conjunctiva dehiscence. If this oc- 
curs approximately 3 weeks postoperatively, then it is of no consequence. An 
earlier occurrence may endanger the recovery. 


Comment: The author uses the technique first described by Custodis in which a Polyviol 
plug is used to invaginate the sclera and treated choroid against the retinal break. The 
technique varies considerably from the procedures that have emanated from the Boston 
school. 

Custodis presented this technique at the Retinal Symposium in Ipswich in 1958. At 
that time he stated that no attempt was made to obtain subretinal fluid before or after 
the application of diathermy to the sclera. Those of us who have used intrascleral or 
surface diathermy questioned how he would be able to invaginate the choroid to the 
retina when the elevation was high and when the eyeball was not soft. He claimed how- 
ever that if the hole was well localized and the plug in the correct position when the 
sutures were tied the treated area could be brought in contact with the break. When this 
occurred the subretinal fluid was absorbed in a few days. 

Pau follows the same procedure though he states that when applying pressure with 
the diathermy electrode and localizing this point of pressure with the ophthalmoscope 
accurate localization may be impossible when the retina is considerably elevated. In 
these cases he may release subretinal fluid. 

In the reviewer’s experience the adequate release of subretinal fluid is one of the crucial 
features in any type of retinal detachment procedure. This is especially true if there is 
any possibility that the fluid may keep the retina away from the treated choroid. How- 
ever, it is well known that if the breaks are closed residual subretinal fluid will eventually 
be absorbed. 

The author’s statistics for anatomical reattachment of the retina are quite impressive 
and certainly are as good if not better than most of the results published in this country. 

The reviewer had occasion last fall, while in Germany, to question several ophthal- 
mologists about this procedure. They were uniform in their acceptance of it and felt that 
the results justified its use. 

It is difficult for those of us who despair when there is inadequate drainage of subretinal 
fluid to accept the thesis that it is not important. This proves however that closure of 
the break or breaks is the most important feature. If this can be accomplished, the patient 
will be cured. 


P. Ross McDonatp 
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REFRACTION 
THE OPHTHALMOLOGIST AND PROBLEMS OF CONTACT LENSES 


FREDERICK Emerson Hasty 
Coral Gables, Florida 
Southern M. J., 1960, 52: 284-288 


The present popularity and wide spread use of contact lenses poses new prob- 
lems and implications for consideration by all physicians, but particularly by the 
ophthalmologist. The medical profession has a responsibility and an obligation to 
its patients to see that the use of contract lenses is applied wisely and success- 
fully. The proper education of the patient for wearing them is essential. The 
author finds it best for the patient to sit in his office a few hours each day while 
wearing the lenses until he can be sure that the lenses are properly adjusted and 
that the patient has developed his own confidence and skill in wearing them, and 
learning how to care for them. It is estimated that the average patient spends 20 
to 30 hours in the office during examination, fitting and adaptation phases of 
treatment. 

The following criteria may be used in determining which patients may be 
satisfactory wearers of contact lenses: (1) any person with normal health and a 
keen desire to avoid wearing glasses; (2) a person with sufficient intelligence, 
adaptability, and the patience to go through a period of adaptation; and (3) a 
person with sufficient time to spend during the examination and period of adapta- 
tion. 

A thorough examination of the eyes is essential to the use of contact lenses, and 
consists of a current refraction, a careful study of the cornea, as well as an ap- 
praisal of the patient’s general health and metabolism. 

Two methods of fitting lenses are used. The older simply is a procedure of 
trying a series of lenses in the eye until a likely fitting one is found. A more re- 
liable and newer method involves the use of a keratometer to determine the “‘K”’ 
reading, the curvature of the central 3 mm. of the cornea. A lens may then be 
ordered on the basis of the shortest finding of the ‘“K” known as the 
“basic curve.”” Accuracy of this method is variously estimated at 60 to 80 per 
cent. In my own practice a combination of these methods has been more satis- 
factory. 

With fluorescein stain and ultraviolet light a lens may apparently fit satis- 
factorily, but when viewed with the slit lamp it is often found that a portion of 
the lens is applied to the cornea too tightly, acting as a ring around a piston. A 
lens fitting in this manner can cause edema of the cornea with a loss of sensation 
due to pressure anesthesia. 

There are instances of such an occurrence in which the patient complains for a 
time of a burning or stinging sensation followed by the loss of these symptoms. 
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Though nothing may seem wrong with the patient there is usually a benumbing 
of the cornea followed by a serious abrasion and subsequent infection of which 
the patient may be entirely ignorant. 

When the prescribed lenses have been prepared, before their insertion for use 
by the patient, a thorough inspection is necessary including the points of size, 
power, radius and finish. Errors are common and if not detected serious trouble 
develops. The finish of the edge of the lens is very critical, and here some 25 to 
30 points must be carefully checked. 

It is advisable to make slit lamp inspection of the lenses in the patient’s eye 
at this time. Dispensers should be equipped for, and capable of making any 
needed changes except those involving complications in power. 

The next problem the ophthalmologist encounters in service of contact lenses 
is that already mentioned, adapting the patient to the lens. 

Paradoxically, one problem encountered in this phase of treatment is the overly 
enthusiastic patient who wants to wear the lenses too long at a time 
before adaptation of the eye is complete. 

Protection of the cornea is a prime responsibility of the ophthalmologist and 
an excellent reason why essential parts of the service of contact lenses should 
not be delegated to persons who are not competent. 

The importance of the cornea in its relation to contact lenses and the patient’s 
future vision must be emphasized. The cornea is one of the most important struc- 
tures in the human body which we all look at and through, but a structure about 
which we know little. It is astonishing how much trauma the cornea can endure, 
so long as it is not subjected to severe infection. We all know that certain types of 
infection can cause scarring of the cornea with resulting visual impairment or 
even blindness. 


Comment: The current boom in contact lenses is causing some concern to ophthal- 
mologists. Patients are demanding to be fitted, not asking whether they should be fitted. 
Glowing newspaper advertisements and publicity releases have already sold our patients 
on contact lenses. 

The big rush for contact lenses began when corneal lenses were developed. The safer, 
but more troublesome scleral lenses never really caught on. 

But the patient cannot wear his corneal lenses with comfort until he has lost some of his 
corneal sensitivity. At this point, he can now have a corneal foreign body or corneal 
abrasion and not know it. 

This is why so many of us feel uneasy. True, we take greater risks in eye surgery. Why, 
then, should we hesitate to fit corneal lenses? 

For one thing, we don’t mind taking risks when we must to preserve vision. But about 
half or more of the contact lenses of today are being ordered for cosmetic reasons only. 
How much of a chance of corneal injury are such patients taking? 

OweEN BELMONT 
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CORNEAL CONTACT LENSES: PRACTICE AND COMPLICATIONS 


RicHarp K. LANSCHE 
Eleventh Field Hospital, APO 178, New York, New York 
U.S. Armed Forces M. J., 1960, 11: 767-773 


The development of contact lenses, begun some 70 years ago with crude hand- 
blown lenses fashioned in Switzerland and Germany, was revolutionized shortly 
after World War II by Kevin Tuohy; since then it has been improved by a num- 
ber of modifications so that 70 per cent of patients earnestly desiring lenses can 
be assured of at least 6 hours a day of fairly comfortable wear and often of all-day 
wear. 

Indications for prescribing corneal lenses are diverse. Improvement of ap- 
pearance is the reason given or implied in the majority of cases. An irregular 
cornea or small central corneal-scar is the most important medical indication. 
Candidates for corneal transplantation should have a thorough trial with these 
lenses to ascertain whether such an operation is the only solution to their optical 
problem. Safety is an attraction for many atheletes though occasional displace- 
ment from the cornea or loss may occur on the playing field. Persons with a high 
degree of anisometropia, either congenital or resulting from monocular cataract 
surgery, may find that contact lenses restore binocular vision unobtainable with 
spectacles. Corneal lenses also prevent the unpleasant vertically displaced double 
vision that some patients with a high degree of anisometropia may experience 
when looking away from the optical center of ordinary lenses. Completely normal 
appearance may be restored by placing a cosmetic lens over a blind unsightly 
eye; a scleral lens rather than the smaller corneal lens is usually necessary. 

Active or recurrent inflammatory external eye disease comprises the primary 
medical contraindication. Diseases such as recurrent corneal ulcer, con- 
junctivitis, blepharitis, rosacea, or ocular allergy should be sufficient reason to 
discourage their use, at least temporarily. 

Serious complications from wearing the devices are rare and might be reduced 
still further by scrupulous personal hygiene, by the avoidance of contaminated 
cleaning, wetting, or fitting solutions, and by wearing lenses more regularly and 
for shorter periods. 

Complications arising from the wearing of contact lenses are usually minor but 
may be serious. Stinging, burning, tearing, or foreign-body sensations are initial 
symptoms every patient experiences. When such symptoms recur later and in- 
crease in intensity, they indicate that the cornea is being strangulated, that 
foreign material has lodged under the lens, or that the lens is touching the apex 
of the cornea, and are a warning to remove the lens. The first change likely to 
occur is superficial spotty necrosis of corneal epithelial cells. Fluorescein staining 
under the slit lamp reveals superficial central punctate keratitis. Continued in- 
difference to recurrent symptoms leads to the second stage of superficial corneal 
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erosion. Breaks in the corneal epithelium usher in the third stage. During the 
past year at the 11th Field Hospital the author has treated 6 patients with unin- 
fected, severe bilateral corneal erosions from corneal contact lenses. 

During periods of active hostilities military personnel should not be allowed 
to use these devices at any time. Intentional or unintentional complications 
arising from improper use or loss of these lenses in time of war could render im- 
portant personnel ineffective for periods up to 48 hours. 


Comment: Contact lenses have certainly become a matter of interest to ophthalmolo- 
gists. Even the most conservative among us must acquire some knowledge about them. 
Our patients are going to have contact lenses whether we approve of these or not, and 
whether we do fit them ourselves or do not. It is therefore necessary that we be able to 
give some advice about types, and that we recognize correct and especially poor fit. 

The present article contains hardly anything new, but it might serve as useful intro- 
duction to those who are not at all familiar with the subject. The author’s knowledge 
about at least some indications and contraindications of contact lenses is probably second- 
hand only. He would not otherwise refer to a “combination of contact lens and spectacle 
lens of proper power to form a telescope” for patients with low vision. Not a single, well- 
documented, successful case with reasonable follow-up has yet been reported by a reliable 
source. This type dead wood should not be carried over from one article to another. (If 
the author has himself successfully fitted even one such case, I shall happily extend 
apologies for what I have just said. But if the author does have such a case or cases it is 
his duty to publish them in detail.) 

The fact that the author treated no more than 6 cases of corneal erosions in any army 
field hospital during 1 year, actually shows that contact lenses are not a serious medical 
problem. Properly fitting lenses, proper hygiene, proper handling should make ocular 
damage an even rarer occurrence than it already is. 

Interesting are the “military implications” brought up by the author. I am sure that 
he is right that “during periods of active hostilities, military personnel should not be 
allowed to use these devices.” 

ARTHUR LINKsz 
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PLASTIC SURGERY 


THE TREATMENT OF PTOSIS AND EPICANTHAL FOLDS 


J. C. Musrarp&é 
Plastic Surgery Unit, Royal Infirmary, Glasgow, Scotland 


Brit. J. Plast. Surg., 1960, 12: 252-258 


The treatment of ptosis of the upper lids falls into the province of both the 
plastic surgeon and the ophthalmic surgeon; with some notable exceptions, it is 
often better carried out by the latter because of his greater familiarity with the 
structures around the eye and better appreciation of the detailed anatomy and 
physiology of the levator muscle. 

It is not proposed to deal here in detail with the acquired conditions, nearly all 
of which require a sling type of correction, using fascia lata if direct repair of the 
levator muscle is impossible. 

With reference to congenital ptosis, there are three main lines of attack: 

1. Operations utilizing the upward movement of the superior rectus muscle 
to raise the lid. (These are properly within the province of the ophthalmic sur- 
geon.) 

2. Sling operations designed to hitch up the lid either to the supraorbital ridge 
or to the frontalis muscle. 

3. Operations involving shortening of the levator muscle or its aponeurosis. 

The Everbusch technique in which the approach is made to the aponeurosis 
of the levator muscle via an incision in the skin of the lid, has several 
disadvantages, chiefly owing to the tendency to eversion of the upper lid, unless 
a large amount of the tarsal plate is excised, and the fact that a scar is left on the 
skin surface. 

In the author’s experience, the Blaskovics technique, in which the approach is 
from the conjunctival surface, has neither of these disadvantages. As on oc- 
casion the levator aponeurosis and muscle have been found to be abnormally 
thin in cases of ptosis, care should be taken that the central slip of muscle, which 
may be of a more reddish color than the aponeurosis, be identified as well as the 
aponeurosis itself so that the latter can be resected with certainty along it. For 
exposure of the levator aponeurosis, the dissection should be carried well out to- 
wards each canthus in order to divide the lateral horns running out on each side 
to become attached to the canthal ligaments. 

Blaskovics advised the insertion of mattress sutures between the upper fornix 
and the skin to create a fold in the eyelid skin and to re-form the fornix. Spaeth 
suggested tying the sutures over silk or other material on the skin surface to 
obviate cutting into the skin of the lid. I used to insert such sutures and tie them 
over a single length of fine rubber tubing, as I still do with the main sutures but 
I find that they are not always necessary, and they may be a contributory cause 
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of partial failure due to small areas of muscle ischemia and fibrous replacement 
resulting from mattress sutures inserted so close to the cut end of the muscle. 

Postoperatively I carefully close the lids digitally and cover them with a Vase- 
line-smeared eye pad. This is left on for 4 days and the eye then left completely 
uncovered. The mattressed muscle sutures are removed in 12 days, and it is ex- 
plained to the patient’s parents that the full effect of the operation will take 2 
to 3 months to be seen. They should also be warned to note whether there is any 
considerable failure of the lids to close at night and if this is the case to insert 
liquid paraffin or other oily drops when the child goes to bed. 

In cases of total paralysis of the third nerve and the majority of cases of ac- 
quired ptosis, the method of choice in my hands is the Lexer type of operation. 
The technique for introducing the fascial strip—which is made in the form of a 
W— is to make five small incisions and then introduce a fine trocar and cannula 
backwards along each track to be followed. The trocar is removed and the fascia, 
on a long straight needle, can be threaded through the cannula which is then 
withdrawn. The tension of the fascia is adjusted to suit the needs of the case and 
the fascial knots in the frontalis are secured by a silk whip-stitch. Thus in con- 
genital absence of the eye, the eyelid can be brought into almost normal position 
at the time of operation as there is no cornea to be covered. In total third nerve 
paralysis, on the other hand, a balance must be struck between full opening and 
retention of the ability to cover the cornea at rest. 

Many normal children show a slight degree of bilateral epicanthal fold at birth, 
but this gradually disappears with forward growth of the nasal bones. Rarely the 
folds may be excessive and permanent, and such permanent folds are frequently 
met with as an accompaniment of congenital ptosis. 

The folds may be dealt with by division and insertion of a small Wolfe graft or 
by some form of modified Z-plasty, either single or double. The first procedure is 
disappointing, as a new fold invariably tends to arise at the site of one or other 
of the vertical scars around the graft. 

A basic point which none of these techniques appears to take very much into 
account is that in any case of pronounced epicanthal fold the length of the palpe- 
bral fissure is considerably shorter than normal and the medial canthi themselves 
are displaced laterally apart from being overlapped by the fold. To achieve both 
an advantageous rearrangement of the tissue comprising the fold and a medial 
displacement of the canthus itself, the author evolved a simple technique, 
utilizing rectangular flaps. Not only do the rather rectangular flaps dispose of the 
fold but the canthus is drawn medially by a considerable amount—even to the 
extent of appearing overcorrected to begin with. The only vertical scars crossing 
the line of the canthus are close to the lid margin itself by reason of the para- 
marginal situation of the lateral limbs of the two Z’s, and thus no secondary fold 
can develop at a later stage as so often happens with other techniques. 


Comment: Mustardé’s new concept of rectangular flaps instead of triangular ones for 
the correction of blepharophimosis is a significant advance beyond previous methods. 
By dissecting diagonal rectangular flaps in each lid at the medial canthus and transposing 
them horizontally into the skin of the bridge of the nose level with the lid base, a skin 
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defect is created into which the medial canthal angle can be advanced. By placing a 
suture through the structures at the medial junction of the lids and then bringing it 
through the periosteum at the line of junction of the medial canthal ligament, it may be 
tied to tuck the ligament and lengthen the palpebral fissure. The method cannot be 
explained adequately without drawings; surgeons confronted with a blepharophimotic 
patient should review this article in detail. He agrees with the present belief of most 
ophthalmic plastic surgeons that levator resection or advancement will sometimes be 
successful in complete levator paralysis. 

Also, he restates Matthews’ warning against using mattress sutures through the com- 
plete thickness of the lid to form lid folds because they may result in local muscle ischemia 
and fibrous replacement from compression. This would result in loss of lid lift. To make 
lid folds, sutures extending from the skin to the superfical fibers of the levator are adequate. 

ALSTON CALLAHAN 


RESULTS OF RESECTION OF THE LEVATOR MUSCLE THROUGH A 
SKIN INCISION IN CONGENITAL PTOSIS 


R. N. Berke 
Hackensack, New Jersey 


A.M.A. Arch. Ophth., 1959, 61: 177-201 


The material for this study comprised 147 operations for resection of the leva- 
tor through a skin incision on 129 patients with congenital ptosis, 10 of whom 
had blepharophimosis; 15, hypertropia, and 1, the jaw-winking phenomenon of 
Marcus-Gunn. Thirty-six were bilateral operations and 111 unilateral; 108 were 
primary procedures and 39 secondary. The youngest patient was 14 months and 
the oldest 32 years; the average age was 6 years 3 months. No attempt was made 
to exclude the unfavorable cases. 

Before operation special attention was paid to the amount of ptosis, the ex- 
traocular muscle balance, and the amount of levator action present. The tech- 
nique employed for resection of the levator was essentially the same as that de- 
scribed by Johnson (Am. J. Ophth., 1954, 38: 129) and Leahey (A.M.A. Arch, 
Ophth., 1953, 50: 588). 

For the 108 primary operations the average amount of ptosis before operation 
was 4.1 mm.; the average amount of correction, 3.4 mm., and the average amount 
of residual ptosis, 0.7 mm. Comparison of results of operation of 93 patients with 
normal and 15 with weak superior rectus muscles showed that there was little or 
no difference in the amount of ptosis or in the amount of correction achieved for 
the two groups. Therefore, weakness of the superior rectus muscle was not a bad 
prognostic sign for resection of the levator through the skin route. 

For the 31 patients subjected to a previous resection of the levator, the average 
preoperative ptosis was 3.1 mm.; the average correction, 3.1 mm., and the aver- 
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age residual ptosis, 0 mm. From this analysis it is clear that a second resection of 
the levator is often successful, even though the first failed. The secondary 
procedure resulted in full correction of the ptosis in only 3 of the 8 cases in which 
a previous Motais-Parinaud operation had been done. 

When the results for the 78 internal and 108 external operations were com- 
pared, the latter produced over 1 mm. greater average correction, whether the 
superior rectus was weak or normal. The percentage of full correction for the in- 
ternal and external operations was essentially the same (39.7 and 39.8 per cent, 
respectively). The external produced about 20 per cent fewer undercorrections 
and about 20 per cent more overcorrections than the internal procedure. But, 
since these overcorrections could have been prevented by undercorrecting the 
ptosis the proper amount at operation, and since undercorrection could not be 
overcome by the internal procedure, it would seem that the relative merits of the 
two operations weigh heavily on the side of the external approach. 

The results of resection of the levator through the external approach were on 
the average better for the monocular than for the binocular cases, mainly because 
the ptosis was greater and the levator action less in the latter. 

The amount of levator function played a dominant role in determining the 
number of postoperative overcorrections. When the levator action averaged 2.5 
mm., none of the 108 primary operations were overcorrected, but when it aver- 
aged 11 mm., 53 per cent were overcorrected. When the levator action was 2.5 
mm., 82.1 per cent were undercorrected, compared with only 6 per cent when it 
was 11 mm. 

When undercorrection occurred in the presence of good levator action, the 
commonest cause was insufficient resection, but when it was associated with poor 
levator function, the commonest cause was poor levator tissue. Since only 5 per 
cent of the secondary operations resulted in undercorrection in the presence of 
good levator action, it would seem that a second resection of the levator should be 
done when the residual ptosis persists and the levator action is good, but since 
only 27.3 per cent of the secondary operations resulted in full correction when the 
levator action was poor, a second resection in such cases should be abandoned in 
favor of some other type of ptosis operation. 

When overcorrection occurred the cause was usually resection of too much 
levator tissue or the formation of a band of tissue extending from the lid to the 
pulley. The latter was remedied by excising this band through a skin incision. 
When 2 mm. or more of overcorrection was caused by too much resection, the 
levator was tenotomized through a conjunctival incision in 8 cases, with im- 
provement in all. The operation is simple to perform and can be done in adults in 
the office under local anesthesia. The lid is everted with an Erhardt lid clamp and 
an incision made through the length of the tarsus 1 mm. from its upper edge and 
extended into the pretarsal tissues until the edges of the wound expand to at 
least twice the amount of overcorrection present. No sutures are used to close 
the wound. One intermarginal suture is inserted and left in place for three or 
four days to prevent the cut edges of the tarsus from growing together again. If 
necessary, the operation can be repeated. 
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Since overcorrection occurred most often in the presence of good levator action 
and since such lids nearly always “lifted” after operation, overcorrection could 
have been avoided by undercorrecting such cases an appropriate amount. Since 
undercorrection occurred most often when the levator action was poor and since 
most of these lids ‘‘fell’’ after operation, undercorrection could have been pre- 
vented by overcorrecting such lids the proper amount. Thus, when the levator 
action was good (10 to 12 mm.) the ptosis should have been undercorrected at 
least 2 or 3 mm.; when the levator action measured 6 to 8 mm., the ptosis should 
have been fully corrected, and when the levator action was as poor as 2 or 3 mm., 
the ptosis should have been overcorrected 2 to 3 mm. However, overcorrection 
of the ptosis on the table in all patients with poor levator action is sometimes an 
impossibility owing to the poor levator tissue present. 

The amount of preoperative levator action was a better guide to the final re- 
sult than the gross appearance of the levator muscle at operation. When the 
levator action was good, striated muscle fibers were nearly always found histo- 
logically in the biopsy specimen. Operation increased the amount of preoperative 
levator action an average of 2.2 mm. The best suture material for resection of 
the levator in children is 0000 plain absorbable surgical (gut) sutures, all chromic 
surgical material lasting too long. 


Comment: Berke’s levator resection via the external approach is, for this reviewer, the 
choice and classic operation for congenital ptosis and for most other types also. Evolved 
with other American ptosis specialists, it permits maximal resection. Its other advantages 
are the ease of levator identification, the security of holding it with the ptosis clamp, the 
sacrifice of only a small strip of conjunctiva (beneath the ptosis clamp), the ease of 
separating the levator from the orbital septum without injury to the superior oblique, 
and probably the greatest advantage of all, it eliminates most of the guessing of how 
much to resect. The assistant can hold the lid margin on the cornea at the desired level 
as the surgeon pulls the levator with moderate tension down over the lashes. The line 
of crossing is where the sutures should be placed in the anterior surface of the tarsus. 
Overcorrection and undercorrection are therefore less likely to occur in this procedure 
than others; Berke emphasizes that if the levator has good action the ptosis should be 
undercorrected and if paralyzed, the ptosis should be overcorrected. Because so much 
levator can be resected, this technique can be used successfully for ptosed lids in which 
the levator is completely paralyzed, though of course, in such lids the results are not as 
good as when the levator has some good action. Many operative and postoperative compli- 
cations are presented in detail; an additional one we have found is that a too vigorous 
separation of the septum from the levator may permit so much prolapse of orbital fat 
beneath the skin that the lid will appear blepharochalazic. The second row of sutures to 
provide the lid fold is sometimes unnecessary as frequently the lid fold can be formed by 
the row of sutures that close the incision. For this reviewer, this method has rendered 
obsolete older techniques such as the Blaskovics internal approach. 

ALSTON CALLAHAN 
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HEREDITARY BLEPHAROPHIMOSIS, PTOSIS, 
AND EPICANTHUS INVERSUS 


NEAL Owens, R. C. Hapiey, anp H. W. Kioreprer 
New Orleans, Louisiana 


J. Internat. Coll. of Surgeons, 1960, 33: 558-574 


An attempt to establish this triad as a true syndrome is made difficult by a re- 
view of the literature. The various classifications of ptosis, the many references 
to epicanthus without specification of type, the incomplete description of clini- 
cal features in some family trees, the use of the terms “congenital” and “‘heredi- 
tary” interchangeably and the reference to other overlapping extraocular 
anomalies as variations of this entity all contribute to this perplexity. O’Connor 
and McGregor (Plast. & Reconstruct. Surg., 1953, 11: 348) appear to be the 
first to have suggested the presence of epicanthus inversus as an outstanding 
feature of the symptom complex. Berke, in his classification of 200 cases of ptosis 
(Am. J. Ophth., 1953, 36: 765), did not include epicanthus inversus in his group 4 
(congenital ptosis with blepharophimosis) although his descriptive clinical pho- 
tographs reveal this type of epicanthus. 

On the basis of one of the longest family trees available, originally recorded by 
Dimitry (Am. J. Ophth., 1921, 4: 4656), which the Owens-Meade Clinic has had 
the good fortune to observe over two additional generations, fortified by the 
cases of O’Connor and McGregor and with significant photographic evidence of 
the presence of epicanthus inversus in other reported cases (in which its presence 
was apparently not stressed by the author), we are convinced that this entity 
constitutes a true syndrome. 

The pedigree chart of Dimitry has been revised in the light of new information 
concerning some of the persons originally included and extended to include 43 
persons born since 1921. Six affected persons occur among the latter. The pattern 
of inheritance (autosomal dominant gene with 100 per cent penetrance) is not 
changed by the revision and extension of the chart. 

Etiologically, the anomalies associated with this condition are basically due to 
apparent germinal arrest in the development of the lids and levator musculature, 
with some dysgenetic mechanism leading to the formation of epicanthus inversus, 
which itself isnot apparent at birth but becomes evident at a later date. The struc- 
tures of the orbit, the globe and the extraocular appendages are well differentiated 
by the fourth month, so that any gross interference in normal development must 
presumably occur before this time. 

Epicanthus inversus was definitely present in 9 (4 in one family) of 68 patients 
seen with a presenting complaint of ptosis from 1941 to 1958 at the Owens-Meade 
Clinic. In all of the 9 cases of epicanthus inversus there were associated 
blepharophimosis and bilateral complete ptosis. In following one of these patients 
from birth, in whose case the entity was anticipated because of familial diathesis, 
it was surprising to note that, although the infant was born with blepharophimo- 
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sis and complete bilateral ptosis, the expected epicanthus inversus was not ap- 
parent. By about the fourth month of age, however, it had become clinically 
noticeable. Our review of the literature discovered no reference to this singularly 
interesting fact. 

A composite diagrammatic line drawing and photographs to illustrate the 
various types of medial epicanthus (supraciliaris, palpebralis, tarsalis) and the 
inversus type for comparison are presented. It is usual for the medial types to 
disappear as the nasal bridge develops at about the age of 12 years. Epicanthus 
inversus, however, persists. 


Comment: Owens and Haldey present convincing evidence that blepharophimosis, 
ptosis, and epicanthus inversus comprise a hereditary syndrome as originally suggested 
by O’Connor and McGregor in 1953. 

This article is a revision and extension by two generations of Dimitry’s pedigree chart 
in 1921 of a family with this triad. The pattern of inheritance (autosomal dominant gene 
with 100 per cent penetration) is not changed after revision and extension of the original 
Dimitry pedigree. (It does not surprise this reviewer that Dimitry, though working with 
little administrative aid and traveling by street car to the clinic at Charity Hospital for 
years made a significant contribution in this as in many other ophthalmic subjects). 

The authors show that epicanthus inversus, is a classical feature of this condition. In 
one infant with blepharophimosis that they studied from 7 days of age to 16 months, 
this anomaly was anticipated and did develop about the fourth month. 

Of 68 random ptosis cases at the authors’ Clinic from 1941 to 1958, 9:68 had associated 
epicanthus inversus and blepharophimosis (4:9 were from one family; 7.e., the Dimitry 
pedigree)—obviously a high percentage. 

It is hoped that these authors will present a second paper on this subject showing in 
detail the specific techniques they recommend for various types of epicanthus; 7.e., the 
operation for palpebral epicanthus is not the proper one for epicanthus inversus, etc., 
and a contribution can be made by recommending the specific procedure for each type 
of epicanthus. 

ALSTON CALLAHAN 


THE CORRECTION OF CONGENITAL AND ACQUIRED PTOSIS OF 
THE UPPER EYELIDS 


Epwarp A. KiTLOWSKI 
Baltimore, Maryland 
J. Internat. Coll. Surg., 1960, 33: 193-202 


Muscular anomalies are not observed in cases of simple ptosis of the eyelids, 
even when there is some involvement of the ocular muscles. The correction of the 
deformity resolves itself, therefore, into using muscles to replace the levators 
functionally and voluntary action of the patient to permit the eyelids to elevate 
when desired. Disturbing the muscles of the eye seems undesirable. 
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The occipitofrontalis is an accessory muscle of lid elevation. Utilization of the 
action of this muscle is the most desirable procedure for the correction of ptosis 
that is not complicated with disorders of the muscles of the eyeball. The pro- 
cedure described has been used satisfactorily by the author since the twenties. 
To the best of his knowledge, it was introduced by John Staige Davis. 

Two spots are marked on the forehead, about midway between the eyebrows 
and the hair margin. Two spots are marked on the eyelid at the juncture of the 
middle third of the eyelid with the outer and inner thirds. These four points are 
punctured through the skin to permit the entrance of a needle threaded with a 
strip of fresh fascia taken from the fascia lata of the patient. Two tension sutures 
are placed below the puncture wounds in the eyelid. The fascia is passed through 
the cut in the forehead, going deep under the eyebrow and under the skin of the 
eyelid to emerge through the cut made in the eyelid. 

The needle is then passed beneath the skin near the margin of the eyelid, to 
emerge at the other incision. As the fascia is pulled through, a suture is passed 
under the fascia and through the skin to anchor the fascia at this point. The 
needle is then put through the same puncture wound to emerge in the forehead 
again, passing deeply beneath the eyebrow. When the fascia is pulled up, the in- 
cision is closed in the lid. The needle is next passed through deep in the forehead 
to include the frontalis muscle, to emerge at the first opening. The fascia has been 
pulled up to elevate the lid and is held by a suture. The ends of the fascia are 
tied after the first portion has been pulled up, elevating the lid to the desired 
level. The lids are elevated in such a manner that the margins are at the upper 
margins of the pupils. Ointment is put over the eyes. The eyes can be washed 
daily and more ointment applied. The eyelids will not close over the eyes for a few 
weeks, so the eye must be irrigated and cared for to prevent corneal ulcers. Tone 
develops in the lower lids, and the ultimate result becomes satisfactory. 

The correction of congenital ptosis should be delayed until the patient is at 
least 1 year old and can control his voluntary movements. Correction of ptosis 
subsequent to pregnancy or infection should be delayed for at least a year, to 
determine whether there will be recovery of function. 


Comment: General plastic surgeons have given us the basic principles of their knowledge 
and it is regrettable that as yet some of the members of this group have not taken time 
and interest to learn from ophthalmic surgeons. This article does not describe levator 
resection and such a procedure is referred to only once and then obliquely. The sentence, 
“The eye muscles should not be disturbed” is not an inviolate rule of ptosis surgery. A 
good start in a transfer of knowledge between our disciplines has been made at one great 
midwestern university where the plastic surgery department, a leading force, routinely 
refers all patients with lid or orbital problems to the eye department for consultation. 
Some British plastic surgeons, as Mustardé, write that usually ptosis surgery is better 
done by ophthalmologists. 

To be considered seriously, any general article on blepharoptosis must present the 
specific indications for lids that are best elevated by levator resection, the indications 
for lids best elevated by attaching the lid to the superior rectus, and the indications for 
procedures which attach the lid to the frontalis. How tragic (iatrogenic) to see a ptosed 
lid still with some levator action that should have been lifted upward and backward with 
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élan by a levator resection, hung up to the frontalis with straps of fascia which have 
caused dimples in the eyebrow! When there is no other way up for the lid except the 
frontalis, inserting a cotton or silk suture in the Guyton-Friedenwald method is faster 
and simpler than the use of fascia lata and achieves equally as good a result. This re- 
viewer, who does know which end of the Masson stripper to hold, finds this skill called 
for less as the years go by. 

ALSTON CALLAHAN 





SURGERY 


INDICATIONS AND TECHNIQUE OF IMPLANTATION OF THE 
“PUPIL LENS” OR “IRIS CLIP LENS” IN APHAKIA 


C. D. BINKHORST 


Klin. Monatsbl. Augenh., 1960, 136 


Dr. Binkhorst has devised a method for holding and centering an anterior 
chamber lens by means of thin filaments that straddle the iris at the pupillary 
border. He wants to eliminate supports that go into the angle of the anterior 
chamber. Late onset of corneal edema has been observed where rigid supports 
have pressed into the angle. The reviewer has not found this in his series of over 
30 cases where flexible supports were used. 

Binkhorst’s paper is based on observations of a series of 30 cases done during a 
period of a year and a half. He does not give the reader the residual refractive 
errors, or visual acuities. He does state that all cases showed a complete tolerance 
to the lens. He hopes that future cases will do as well. 

The lens is inserted as a secondary procedure not less than 3 months after re- 
moval of the cataract. “Complication-free healing, a round, normal sized pupil, 
nearly central pupil, absence of irritative iris changes (anterior and posterior 
synechiae), intact hyaloid membrane, normally deep anterior chamber, healthy 
cornea, and normal fundus, are the ideal prerequisites for a lens implantation.” 
Intracapsular, or extracapsular surgery is equally suitable—capsulotomy can be 
done while the artificial lens is in place. “‘A functioning peripheral iridectomy, or 
several iridotomies are an absolute necessity to prevent pupillary block, iris 
bombé, and secondary glaucoma, if the iris clip lens is used. 

The author then describes the sterilization and handling of the artificial lens, 
preoperative treatment, implantation, and postoperative care of the patient. The 
main features are minimal operative trauma, and treatment of the initial ocular 
irritation by antibiotics, steroids, and vasoconstrictors. After 2 weeks, all irrita- 
tion is gone, medication is stopped, and the patients have good visual acuity. 
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Comment: In the reviewer’s opinion there are several points that need clarification 
before he rushes forth to use this new lens. Physiologically the weight of this lens is actu- 
ally supported by the upper arc of the root of the iris. This structure may take a number 
of years to give way, resulting in a late atrophic iridodialysis, similar to that seen with 
the Ridley operation. Aside from this difficulty, the iris clip lens may overcome two defects 
the reviewer has found with flexibly supported lenses, of the type of Dannheim and of 
Lieb. One is the inability to center the lens perfectly over the pupil—a feature more dis- 
turbing to the surgeon’s esthetic sense than to the patient’s visual acuity. The second is 
the almost inevitable lack of perpendicularity between the plane of the lens and the 
visual axis. This results in a fairly high residual astigmatic refractive error. If this new 
lens is also associated with much astigmatism, the reviewer will not be attracted to it. 
It would be unnecessary and undesireable to change to a lens whose support forces re- 
strictions on future ocular, and systemic medication that may overdilate the pupil. This 
was true of the Ridley lens, but does not apply when the lens is supported in the anterior 
chamber angle. 

T. N. Hamor 


ANTERIOR CHAMBER IMPLANTS IN OPHTHALMIC SURGERY— 
NEW DEVELOPMENTS AND NEW USES 


D. P. CHoycr 
Lancet, 1960, Jan. 9: 90 


Choyce is an advocate of the anterior chamber lens of the Strampelli type. 
This lens is a rigid one, and is supported by plastic projections resting in the 
anterior chamber angle. Choyce states that in England several hundred of these 
lenses have been used. They are now recognized as a useful aid where uniocular 
aphakia cannot be corrected by a contact lens. This is particularly true with 
young children who had traumatic cataract. 

Choyce has modified the lens he used originally by flattening the anterior 
curvature from a 12 mm. radius to 14 mm., and thinning the haptic or supporting 
portion to about a half its previous thickness—from 0.91 mm. to 0.50 mm. These 
changes have reduced the incidence of complications, especially endothelial 
dystrophy. 

Choyce has conceived of coloring the lens in either its haptic or its optic por- 
tions. He has been able to have made a lens with a black optic portion. This he 
used to produce occlusion in a patient with intractable diplopia. He says this lens 
can be removed later, if necessary to restore the use of this eye. 

By leaving the central, or optic portion, clear, and coloring the haptic portion, 
a lens results which can be used to relieve photophobia or blurred vision caused 
by traumatic colobomata or albinism. These he has treated with success. He 
also suggests that congenital aniridia could be treated in a similar manner. 
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Comment: The reviewer is opposed to the principle of putting an inflexible lens in 
contact with the anterior chamber angle. On the other hand, it is true that the flexible 
supported lenses of Lieb and Dannheim cannot be used in their present form, for the 
applications Choyce mentions. It would appear that these colored lenses have a unique 
application in a small group of traumatic cases, albinism, and diplopia where contact 
lenses cannot be tolerated. 

The concept of treating aniridia with an intraocular implant to substitute for the iris 
is most interesting. The pathological report presented last year by Ashton and Choyce 
showed the artificial lens to indent the iris root and ciliary body, and cause atrophy of 
these, locally. There might be a beneficial effect here, considering the propensity of these 
patients to glaucoma. It is also likely that the initial postoperative uveitis would bring 
about an early onset of glaucoma. The reviewer will be glad to let Choyce do the first few 
cases. 


T. N. Hampi 


SOME SURGICAL ASPECTS OF THE UPPER EYELID 


NauMAN T. Mascati 
Surat, India 


J. Internat. Coll. Surgeons, 1960, 33: 40-49 


Anomalies of the eyelid include: (1) congenital, (2) traumatic, (3) in- 
flammatory, (4) neoplastic, (5) paralytic, and (6) endocrine types. This paper 
discusses some of the factors which cause loss of physiological function of the 
upper lid because of injury, or paralysis of the levator muscle. 

The upper lid may suffer laceration, or even avulsion, in many ways, and possi- 
ble associated damage to the eyeball must always be looked for. Prompt repair 
of the laceration may make the difference between vision and blindness, and 
should be done within a few days of the injury. Otherwise contraction of the fibers 
may make good approximation of the wound edges impossible. Fortunately the 
good blood supply of the lid protects it well from infection, and also aids it to 
heal by first intention. As much tissue as possible should always be preserved, 
and the continuity of the canaliculus should be conserved by approximating it to 
the bulbar conjunctiva through the punctum. Sometimes emergency repairs are 
done using heavy sutures deeply placed without approximating the edges layer by 
layer, with the result that the lid is contracted and ptosed, which leads 
to ectropion or entropion. It is always imperative to preserve the lid border, the 
tarsal plate, the attachment of the medial tarsal ligament, and especially the in- 
sertion of Mueller’s muscle and of the levator muscles at the border of the tarsus. 
The repair should be deliberate and systematic, keeping in mind every detail of 
the delicate anatomical structures. Local procaine hydrochloride with hyaluroni- 
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dase gives perfect anesthesia without distortion of tissues. A 5 per cent pontocaine 
solution is used for surface anesthesia of the cornea and conjunctiva. 

Gross mutilation of the upper eyelid sometimes follows attempts to correct 
entropion or trichiasis by chopping out the tarsal plate and lid border. Scar for- 
mation following trachoma, lid abscesses, meibomian adenitis, or inflamed muco- 
cele of the frontal sinus may distort the upper eyelid causing entropion. Orbital 
cellulitis does not usually deform, but cicatrisation of the sinus due to osteomyli- 
tis of the orbital rim may do so. A number of successful methods have been de- 
vised for correcting trichiasis with entropion. 

Squamous cell carcinoma or adenoma, as well as benign lesions of many sorts, 
occurs on the upper lid. In cases of malignant neoplasm I have used the methods 
of Cutler (1948) or Cutler and Beard (1955). Results have been satisfactory for 
3 years. These procedures are, however, time-consuming and several operations 
may be necessary to achieve good cosmetic effects. 

Angiomas of the lid are frequent in infancy. Operation, sclerosing solutions, and 
cautery cause permanent disfigurement. I have treated these tumors with short- 
wave irradiation, using, for example, §-ray irradiation in a total dose of 1,875 r 
given with a strontium-90 applicator. The slow, selective action of this type of 
irradiation destroys the growth without damage to surrounding tissues. Judicious 
dosage and careful timing guarantee gradual and reliable cure. The bulb should 
be shielded during application of the irradiation. 

I have found two types of paralysis which need operation, blepharoptosis and a 
type of retraction of the lid for which no reason is apparent. For this latter case 
lengthening the levator muscle and Wheeler’s tarsorrhaphy narrowed the palpe- 
bral fissure and gave a good appearance. Operations for blepharoptosis utilize 
the frontalis or superior rectus muscles if the levator is completely inactive. How- 
ever, in 70 per cent of cases some action in some muscle is identifiable. In these 
cases I prefer the Brandon-Lahey technique, resecting and advancing the affected 
levator from the cutaneous rather than from the conjunctival side since this is 
not only easier, but it gives a natural-looking fold on the lid. 


Comment: The authors attention to anatomical detail in surgical procedures of the 
upper lid cannot be stressed too much. Unfortunately, many ophthalmologists have not 
had the opportunity to dissect the lids during their training period and as a result have 
a poor understanding of the relationship of the structures of the lid. In addition to an 
adequate understanding of the anatomy it is important that sufficient time be devoted 
to the surgical procedure. Nothing replaces careful approximation of the tissues with 
adequate sutures carefully placed. 


AtBert N. Lemoine, JR. 
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CATARACT SURGERY 


C. A. Pirrar 
Aukland, New Zealand 
New Zealand M. J. (Suppl.), 1959, 17: 11-18 


Barkan’s operation as slightly modified by Cordes can be used for all cases of 
congenital cataract if the pupil can be dilated, including probably all cases of 
lamellar cataract. The pupil is strongly dilated and the eye is fixed with a superior 
rectus bridle suture. A shelving valve-like incision is first made with the discission 
needle in the lower right quadrant of the cornea, starting at the limbus. Next a 
shelving keratome incision large enough to permit opening of the capsulotomy 
forceps is made above, starting 2 mm. from the limbus. As large a piece of capsule 
as possible is then torn off with the forceps, and the lens is evacuated by curette. 
I supplement this procedure by using Fuchs’ two-way syringe, one nozzle of 
which introduces saline to break up and wash out fragments of lens, and the 
other sucks out the injected fluid and debris. Air is finally injected into the an- 
terior chamber to prevent adhesions and to close the valve-like incision. The 
effort to remove all small particles can be overdone. This procedure minimizes 
complications and achieves a good pupil in one stage. The same method is useful 
in treating traumatic cataract in young adults. Membranous congenital cataracts 
should probably be managed by Wheeler’s discission. If the pupil does not dilate, 
it is usually advisable to do a complete iridectomy above and sometimes also an 
iridotomy at the 6 o’clock position. 

In general if the child has bilateral congenital cataract, the first op- 
eration should be done at 6 months and the second at 2 years of age. Unilateral 
cataract is usually associated with other defects which would nullify the effects 
of operation. It is usually wiser, therefore, to defer operation in these cases until 
the 5th year when visual acuity can be better judged. 

Operations for ectopia lentis seem to have received relatively little attention, 
but may be necessary if cataract or further dislocation appears later. If satis- 
factory correction cannot be achieved in a child’s eyes with either phakic or 
aphakie correction, discission with two needles will result in a clear pupil and 
good vision, even though the discission may have to be repeated two or three 
times. This method is much less frequently followed by complications than ex- 
tracapsular extraction. 

Duthie describes operations for two types of ectopia lentis in adults. In the 
first type the eye is otherwise normal, with only moderate tremor of the iris and 
lens. These Duthie treats by ordinary intracapsular extraction, performing a 
complete iridectomy and grasping the lens near its upper pole and removing it 
without tumbling. The second type has fluid vitreous, more tremulous iris and 
lens, and megalocornea is common. Duthie treats this type with corneoscleral in- 
cision with wide iridectomy and removal of the lens with a vectis. Speed and 
skill are necessary to avoid loss of vitreous. 
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Contrary to frequently expressed opinion, capsulotomy requires very careful 
study in each case, and considerable skill and delicacy in performance. While 
the average operation following extraction of senile cataract may be simple, 
there are often bands which do not respond to a single needle. I therefore agree 
with Paufique in routinely using two needles. An angled needle is introduced on 
the nasal side and a straight one on the temporal side. Wheeler’s discission is very 
useful in managing secondary cataract with very tough membranes, and is also 
practical if the pupil is very contracted and perhaps bound down. The great ad- 
vantage of this method is that it slits the capsule very quickly and the knife is 
rapidly withdrawn, minimizing any danger of loss of vitreous. 

I am a strong believer in intracapsular extraction of senile cataract. But while 
I formerly advocated keratome and scissors incision immediately behind a con- 
junctival flap, I now prefer a classical Graefe knife incision in the cornea. I find 
that a shelving incision made in this way aids in sealing the anterior chamber and 
is less traumatizing than the keratome-and-scissors incision, and is also quicker. 
The incision in the cornea practically eliminates hyphemia and also hemorrhage 
during operation. Moreover, no sutures are necessary until after the incision is 
complete. 

Heavy premedication is important, and pressure against the eyeball before 
operation softens the eye, thus reducing the danger of vitreous prolapse. The 
corneal incision is made as nearly limbal as possible, and a 6-0 catgut suture is 
passed through the corneal edge with the author’s straight needle. The assistant 
holds the cornea out of the way by means of this suture while the surgeon per- 
forms the iridectomy, and then passes the suture through the limbal side, leaving 
a loop to permit free removal of the lens. After removing the lens in the usual 
manner, the suture is drawn up and tied, pilocarpine is instilled, and another 
suture placed on each side of the first. Air is injected into the anterior chamber. 
Special adjustments may be necessary in some cases. 

If the pupil is drawn upward after cataract extraction, Franceschetti’s corepexy 
can be useful. Two limbal incisions are made, at about the 5 and the 7 o’clock po- 
sitions. The iris hook is introduced through the first and the iris drawn out and 
cut. The procedure is then repeated through the second incision. If the iris tears 
the effect is the same, even though it cannot be drawn out. 

Lens implants are still experimental and should be cautiously used, probably 
only for young people who need them for binocular vision. To date the implants 
of Strampelli and Bietti seem most promising. Contact lenses should be 
considered and tried first. 


Comment: When operating on congenital cataracts, the reviewer has, for several years, 
employed the Cordes procedure with satisfactory results. For the past 2 years, he has 
employed a limbal incision with post placed sutures and an iridectomy, unless the pupil 
is maximally dilated. These extra precautions were taken to insure prompt closure of 
the wound and a wider pupillary opening in case a retinal separation should develop. 

The author’s technique of cataract extraction follows the conventional method and 
is a safe procedure. 


P. Ross McDona.p 
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RETINOPEXY OR LAMELLAR SCLERAL RESECTION FOR 
RETINAL DETACHMENT 


ANALYSIS OF RESULTS IN 126 CoNSECUTIVE CASES 


Roscoe J. KenNepy, GeorGe Locxnart, III, 
AND Burton J. SHAPIRO 


Cleveland, Ohio 
Cleveland Clin. Quart., 1959, 26: 201-205 


In 1953 we reported the results of retinopexy performed on 103 patients with 
retinal detachment during the 5-year period ending in 1952. During the suc- 
ceeding 5 years we examined 331 patients with retinal detachment, including 11 
bilateral cases. Of these, 126 were operated upon, 77 by retinopexy and 49 by 
lamellar scleral resection. The present paper reports the second series, and com- 
pares some aspects of the two series. 

The symptoms of the 126 patients were the usual ones, most frequently blurred 
vision (126), light flashes (60), and subjective scotomas (33). The great number 
of systemic and other eye conditions associated with retinal detachment in these 
cases emphasizes the multiplicity of possible causes and the importance of metic- 
ulous consideration of all these factors. Radioactive phosphorus up-take studies 
may be valuable if tumors are suspected. Not all patients require operation, but 
since prognosis for the second eye is poor, every effort should be made to cure the 
detachment. 

Both series include more men than women, 83 per cent were between 40 and 70 
years of age, and the detachment was seen within the first month in approxi- 
mately 76 per cent. Compound myopic astigmatism was considerably more fre- 
quent than compound hyperopic astigmatism. 

The detachment was billowy in 86 per cent and flat in 14 per cent, occurred on 
the temporal quadrant in 48 cases, on the superior quadrant in 31, in the inferior 
in 27, and on the nasal side in one case. Sixty patients had holes, which were 
multiple in a few instances, and occurred predominantly in the upper quadrant. 
Of those with holes, 13 also had disinsertions, and 10 had complete retinal de- 
tachment. 

Retinopexy cured 47.5 per cent of the 49 patients in the earlier series and 51 
per cent of those in the more recent group. The cure rate for 49 patients treated 
by lamellar scleral resection was also 51 per cent. In the second series, 16 patients 
were lost track of and were counted as failures. If these are eliminated, the cure 
rate becomes 58 per cent. Reattachment did not lead to full recovery of visual 
fields or visual acuity in all cases. 

Sixteen patients had recurrences requiring operation, and one required two 
operations. In the small groups studied, lamellar scleral resection appeared to be 
superior to retinopexy as a second operation, and also for aphakic eyes. Post- 
operative complications included some conjunctival reaction in all cases, with 
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severe blephararitis in 1 case; exotropia in 7 cases, complicated cataract in 9, 
keratitis in 2, pulmonary embolus and pulmonary infection in one each. Malig- 
nant melanoma was discovered at subsequent enucleation in one case. 

Our experience tends to corroborate Colyear and Pischel’s observations based 
440 cases: Failure is due to delayed recognition and failure to find and close pri- 
mary or secondary tears. Diathermy cures most cases, but scleral shortening is 
indicated in cases of retinal shrinkage, vitreous adhesion, aphakia with detach- 
ment occurring soon after cataract operation, high myopia, multiple tears, and 
large disinsertions. 


Comment: This report is a little unusual in that less than 50 per cent of the patients 
seen with retinal detachments were operated on. It may be that some of the patients were 
seen in consultation or sent back to the referring physician for surgery. The incidence of 
bilateral detachments seems lower than that usually reported. The cure rate would also 
seem to be low for both types of procedure used but is probably comparable to the statistics 
of other institutions without a specialized detachment service. 

P. Ross McDonatp 





PEDIATRIC OPHTHALMOLOGY 


DESIGN AND EVALUATION OF A VISION SCREENING PROGRAM 
FOR ELEMENTARY SCHOOL CHILDREN 


Henprick L. Buum 
Martinez, California 
Henry B. PETers 
University of California, School of Optometry, Berkeley, California 
JEROME W. BerrMaN AND Victor FELLOWS 
Stanford University Medical School, Stanford, California 
FRANK JOHNSON 
University of California, School of Optometry, Berkeley, California 
Am. J. Public Health, 1959, 49: 1670-1681 


Since visual function is variable in type and continuous, it is difficult to set 
standards which are practical for screening tests. Moreover, coordination of work 
by ophthalmologists and optometrists poses complex problems. When the Califor- 
nia law required ‘‘adequate” testing of all children’s eye, it became necessary 
to develop widely acceptable procedures and standards for screening. 
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In the Orinda school district, the county school officials approached the 
County Health Department for recommendations. Since members of this de- 
partment were also members of the faculties of Stanford University Medical 
School and of the University of California, they were able to bring together 
ophthalmologists, optometrists, educators, and parents, besides other local in- 
terested groups, in a 3-year research project designed to establish satisfactory 
screening methods. 

During the first year, the first 6 grades were given the tests which were to be 
evaluated, and any child who failed any screening test was given clinical examina- 
tions. Control studies were made using randomly selected children comprising 
one-fifth of all grades. The clinical tests were made independently by an oph- 
thalmologist and an optometrist. Standards determined by comparison of the 
combined reports formed the basis of the study during the following two years. 

The tests used included: (1) questionnaires given to parents; (2) observations 
by teachers following a 5-hour training course; (3) observations by nurses; (4) 
State Department of Education tests using the Snellen illiterate E test of visual 
acuity, with failures according to the teachers results checked by a nurse; (5) 
the Massachusetts Vision Kit (MVK), used by a nurse, with failures checked by 
a second nurse; (6) telebinocular test, excluding certain parts; (7) in 1955 only, 
the Worth Four Dot test; (8) the Modified Clinical Technique (MCT) of the 
University of California School of Optometry. The criteria for referral were 
problems in visual acuity, refraction errors, difficulty in coordination, and possi- 
bility of organic disease. 

Comparison of the results of screening by these methods after the third year 
showed that the MCT was clearly the most efficient in that a few tests covered a 
wide range of problems and the method was flexible enough to be adaptable to 
different local or professional demands. The MVK made few overreferrals, but 
missed about half of those needing referral. The telebinocular test located about 
half of those needing referral, but also resulted in a great many unnecessary re- 
ferrals. The State Department of Education tests missed about three-fourths of 
those who should have been referred. The various forms of observation or ques- 
tionnaire did not prove very useful. 

In 1956, the MVK cost 37 cents per pupil, the telebinocular test cost 42 cents, 
the MCT cost 45 cents, and the State Department of Education tests cost 53 
cents per pupil. Since referrals are expensive, the superior referral record of the 
MCT made it easily the least expensive as well as the most generally useful of the 
tests evaluated. 

Vision problems were found to increase about 1.6 per cent with each year of 
age, and changes over a 2-year period were most frequent among those requiring 
referral at the first test. The major changes were increases in myopia with some new 
cases of myopia. Children with hypertropia also tended to have slight increases. 

As a result of this study, the committee made certain recommendations, in- 
cluding: (1) appointment of a steering committee of ophthalmologists, optome- 
trists, public health officers, educators, and parents; (2) administration of the 
MCT test by a qualified, accredited, regularly employed optometrist or oph- 
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thalmologist; (3) since it locates the majority, that is the myopia cases, use of the 
Snellen test for follow-up tests after 2 years for children who have passed the 
MCT test earlier; (4) referral of children who fail the screening tests for pro- 
fessional attention; (5) provision for public education, evaluation of tests, and 
modification of procedures, besides development of a school visual health 
program. 


Comment: The Orinda County program of vision screening in elementary schools 
has attracted considerable attention. It resulted in an important publication, the book 
“Vision Screening for Elementary Schools: The Orinda Study,” published by the University 
of California Press in 1959 under the joint authorship of a public health officer, an optom- 
etrist and an ophthalmologist who all three also are among the authors of this paper. 
The study was prompted by a state law that requires adequate testing of each child’s 
eyes. 

It had to be found out first what test or tests are “adequate,” as the law requires. After 
trying several of the generally accepted and some special techniques, including the well 
known Massachusetts Vision Test, the team of interested parties arrived at a superior 
method of their own, developed especially at the University of California School of Optom- 
etry. This technique which resulted in no costly “overreferrals” consists of a test for 
visual acuity, the cover test, skiascopy and inspection to reveal “organic problems.”’ The 
Massachusetts test did not fare as well in California as it has in so many other parts of 
the country. There were few “overreferrals” with this test but seemingly a considerable 
number of children needing attention were missed. 

There is only one explanation one might suggest for this difference in valuation. The 
Massachusetts test was meant to be carried out by trained personnel like teachers, nurses, 
and volunteers but not by professionals. Within these limitations it works (and I have con- 
siderable experience with it) admirably. Naturally no test given by lay people will match 
in efficiency that administered by optometrists of the level of training given by the out- 
standing school at the University of California. I am sure they are all experts in skiascopy 
and the cover tests and (alarming as it may sound to ophthalmologists) they can, I am 
sure, make better guesses about “‘any verified pathology or medical anomaly of eye and/or 
adnexa” than any, however well indoctrinated, lay volunteer, teacher, or nurse (who 
actually are not even expected to look at the eyes). The comparison between the 
Californians’ “Modified Clinical Technique” and any other school screening test is for 
this reason unfair. The Massachusetts test might not be ‘adequate’ under California 
state law but it is certainly a very good test as school tests go under our pres- 
ent circumstances. 

Screening tests were originally meant to find out, with the help of available personnel, 
which children need to have professional attention—by an optometrist, if the school or 
the parents so decide, or by the ophthalmologist. Alas, such tests cannot be foolproof, 
not even the Massachusetts Vision Test which in my opinion is the best. The Cali- 
fornia report actually suggests nothing else but that screening tests should be 
eliminated altogether. It suggests, without saying so, that every child should, in fact, be 
seen by a “professional,’’ preferably by an optometrist since his services can obviously 
be bought for less money than those of an ophthalmologist. I am sure few children with 
poor visual acuity, refractive error, or coordination problem (the first three “clinical 
criteria for referral’’) will be missed by such competent examination. I am also quite sure 
that a great many of organic problems (the last of these “criteria’’) will be picked up by a 
well trained optometrist. And if the test is done by employed personnel (as it was done 
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in this study) to avoid any incentive toward augmenting one’s own practice (we are, after 
all, human, all of us) then there is no danger of overreferral either. But where are there 
in our country that many optometrists, especially ones ready to work for a salary and 
not practicing in the area where the screening is to be done? There just are none! Does 
the study suggest then that the optometrist available in the community should give the 
test? And what after that? Who will take care of the children whom such a competent 
professional has selected (and, I am quite sure, properly selected) as being in need of a 
referral, most likely in need of a pair of eye glasses? Does the U. S. Public Health Service 
suggest than another slice of eye care be taken away from the ophthalmologist? 

Shortly after I started practicing in this Country I did some work for a time for one 
of the county school boards in a rural area not more than 50 miles outside New York. 
There was no ophthalmologist in the county (there is none yet) and the only optometrist 
was a nice elderly gentleman who most of the time stood behind a jewelry and notions 
counter and had his diploma awarded to him by some “grandfather” clause. He had been 
taking care of all the eye work, the schools included. There was no optician in the county 
either. Under the agreement of procedure I reached with the school board and the county 
health officer, the school nurse administered the Massachusetts test (which she did quite 
competently) and my job was to see the referred youngsters. Of course, I never knew if 
there were any underreferrals. There were few overreferrals. 

At the first occasion that I visited the town I went to pay my respects to the gentleman 
in the jewelry store and planned to make the suggestion that he continue to fill any eye 
glass prescriptions I was going to give youngsters who needed them. He practically showed 
me to the door. He found the intrusion of an ophthalmologist into his domain quite un- 
warranted and unnecessary. Still the project was quite a success. Under the given circum- 
stances the Massachusetts test did extremely well. And the arrangement was much less 
costly than the hiring of a professional ophthalmologist who would have had to do all 
the screening. 

The Orinda County way of screening school children might be the superior solution 
under the specific conditions prevailing in a crowded and rich semi-urban community. 
It might also serve well in large cities. In most of the less affluent and less populated areas 
there is hardly any question that it is not feasible. 

ARTHUR LINKSZ 


RETINOBLASTOMA 


M. M. Parks anv L. E. ZIMMERMAN 


Clin. Proce. Children’s Hosp., 1960, 16: 77 


A very concise and accurate review of the retinoblastoma problem is presented. 
Of unusual interest is the incidence of phthisis bulbi following spontaneous re- 
gression of retinoblastoma. At the Armed Forces Institute of Pathology eight 
cases out of a series of about 700 demonstrated spontaneous healing as the result 
of complete necrosis and loss of viability of the tumor; the end-result was a small 
shrunken globe that, from the clinical standpoint, could not be distinguished 
from the phthisis bulbi following trauma or infection. 
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Comment: The authors emphasize the importance of recognizing extension of the tumor 
into the optic nerve but they do not mention the equally important extension of the 
tumor to the orbit through emissaries when the choroid is involved. 

A. B. REESE 


THE DEVELOPMENT OF TEN CHILDREN WITH BLINDNESS AS A 
RESULT OF RETROLENTAL FIBROPLASIA 


A Four-YEAR LONGITUDINAL STUDY 


ARTHUR H. PARMALEER, JR., CLAUDE E. Fiske, AND Rogers H. Wricat 
Los Angeles, California 


Am. J. Dis. Child, 1959, 98: 198-220 


Ten prematurely born children with normal vision and 10 prematurely born 
children who were blind as the result of retrolental fibroplasia were evaluated 
in the first year of life by means of the Gesell infant development test. All were 
considered to be developmentally and neurologically normal at that time, 
although one of the blind children was found to have also a major degree of 
hearing loss and some ataxia (Parmalee, Am. J. Dis. Child., 1955, 90: 135). 
Seven of the infants with vision were available for retesting by the Stanford- 
Binet Intelligence Test and the Vineland Social Maturity Scale and all were 
normal at 3 to 6 years of age. 

The 10 children with blindness were originally referred for testing by the 
Field Service for Blind Preschool Children of the California School for the 
Blind. In the following years, biographical material was obtained from the 
records of this Service, from interviews with parents, and from agency, hospital 
or medical records made available to the authors. 

All of the blind children were seen between the ages of 18 months and 3 years 
by the original investigator (A. H. P.) in a play situation. The Gesell test was 
found to be unsatisfactory in the hands of this tester in this age period with 
blind children. 

Nine of these children were seen again for general observation and testing 
between the ages of 3 and 5 years. The parents were also interviewed at this 
time. The Vineland Social Maturity Scale and the Interim Hayes-Binet Test 
for the Blind were used when applicable for this evaluation. One child had 
moved to another city, but testing and observation evaluations were made 
available by her parents and professional workers in her new community. 

The retesting and clinical evaluation of these 10 children revealed 6 who 
could be considered as functioning within the normal range (I.Q. 80 or above) 
and 3 functioning at a mentally retarded level (I.Q. below 80). The boy with 
the hearing defect could not be adequately tested but five observers who have 
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seen him in play situations believe he has normal mental potential, based on the 
amount of his investigative activity and the creative variation in his spontaneous 
play activities. 

The three who were functioning at a mentally retarded level have been con- 
sidered by several observers to have normal mental potential that has been 
functionally suppressed because of severe emotional problems. These three 
children had the lowest birth weights, and are recorded as having no vision. 
Three others also have no vision and are doing well. 

Though several of the children had rather small heads, there was no apparent 
correlation of head size with mental or social performance. 

All of the children were considered to have no vision when they were first 
seen. During the follow-up period three of the children developed useful vision 
in one eye of a very limited nature. They are still regarded legally as blind. 
One child developed sufficient vision to be able to read large print with glasses. 
Several of the remaining children would look vaguely in the direction of a bright 
light ;, these children were classified as having no vision. 

The age of successful development of 4 self-help tasks was determined: walking 
without support; feeding self with spoon; talking in sentences; toilet training 
(indicating toilet needs). The three children considered to be functioning at a 
mentally retarded level were not doing any of the items except walking without 
support when they were last seen at 4 years of age or older. One of these three 
did talk in sentences at 2 years of age and then stopped talking, and two of 
them were no slower in walking without support than several of the other children 
who ultimately did well. 

The average age for the successful accomplishment of the task of walking 
without support was 20.4 months for the entire group. The average for the 
three retarded children was 23.3 months. The three mentally normal children 
with no vision walked at an average age of 17.3 months. The mentally normal 
children with vision, excluding the deaf boy, walked at an average age of 21.3 
months. It would appear that the small amount of vision did not significantly 
aid them in learning to walk. In fact, with respect to all of the other tasks the 
three mentally normal children with some vision and the three without had 
essentially equivalent average ages of success. 

The deaf-blind boy learned to walk without support almost as early as the 
rest, but the other tasks were delayed, though no more than the maximum time 
for others in the group. He has not learned to talk but this is in progress, and it 
is anticipated that he can be taught to talk. It would seem that he does hear 
some sounds, especially with his hearing aid, but adequate testing has not been 
possible as yet. 

Two of the children are in elementary school and both are in schools with 
sighted children. One sees well enough to read the large print of primers but 
the other is totally blind. She attends a special Braille program in the school 
and is doing well. 

Two of the mentally retarded children have begun to improve some since the 
acceptance of psychiatric help by the parents. The parents of the third child 
have not accepted psychiatric help. 
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It has been our experience from this study, and requests to examine other 
blind children that have come incident to this study, that the most difficult age 
period in which to evaluate a blind child is after 1 year of age and before language 
is well developed at approximately 3 years. Biographical information of their 
activities at home, relationship with siblings and parents, and general play activi- 
ties were often more helpful than any tests. 


Comment: The authors have presented in the course of a limited study a thorough and 
practical treatment of the subject. The knowledge that a reasonable estimate of the 
potential mental capacity of a blind child can be derived as early as his first year is of 
inestimable value both to the parents and to the physicians and professional workers 
from whom these parents seek advice. Consequently, parents would not experience the 
frustration of attempting to achieve developmental goals in children who have been 
found not to have the capacity, and they would be able to afford the infant who merely 
appears to be mentally retarded the emotional support and necessary emphasis on auditory 
or tactile stimulation required to facilitate the development of his intellectual potential. 

The Gesell infant developmental test is well known and widely used. The Vineland 
Social Maturity Scale, the test used by the authors, is not as generally applied for blind 
preschool children as is the Maxfield-Bucholz Social Maturity Scale. It might have been 
more advantageous if the authors had used the Maxfield-Bucholz test, since other agencies 
may have desired to use the biographical and testing material as a guide. 

Readers will note that included in this study are patients with severe retrolental 
fibroplasia (RLF) who do have normal mentality. Unfortunately, there are physicians 
who maintain the misconception, derived from the early literature on RLF, that severe 
RLF is usually associated with feeblemindedness. More recent studies have indicated 
that the majority of children who are blind as a result of RLF possess normal intelligence; 
furthermore, blind infants with RLF accompanied by no additional complications have 
no higher incidence of mental retardation than a comparable group of prematurely born 
infants without RLF. 

LEONARD APT 


OPEN-DROP HALOTHANE ANESTHESIA FOR OPHTHALMIC EXAMI- 
NATION OF AMBULATORY CHILDREN 
Report oF 400 Casrs 


HERMAN SCHWARTZ 


Department of Anesthesiology, College of Physicians and Surgeons, Columbia 
University, and the Anesthesiology Service, Presbyterian Hospital, New York, 
New York 


New York J. Med., 1960, 60: 250-253 


Careful ophthalmoscopic examination of the eyes of infants and children 
under the age of 3 or 4 years requires the use of general anesthesia. In the past 
2 years 400 ophthalmic examinations of the eyes of children 2 months to 7 years 
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old have been performed satisfactorily and without serious sequelae at the 
Institute of Ophthalmology of the Columbia-Presbyterian Medical Center by 
the use of halothane (Fluothane), 2-bromo-2-chloro-(1:1:1-trifluoroethane) as 
anesthetic. 

The eye examinations were performed in the morning. The only preparation 
required of the patients was that no solid food or milk be given to the child 
after 2 a.m. of the morning of the examination. Clear fluids (tea, sugar water, 
ginger ale) were permitted until 6 a.m. 

An hour before examinations the pupils were dilated with drops of 10 per 
cent Neo-Synephrine hydrochloride and 5 per cent homatropine hydrobromide. 
Atropine sulfate (0.1 mg. per 15 pounds of body weight) was given intramuscu- 
larly for premedication. 

Oxygen is allowed to flow under an open-drop mask at the rate of 500 ml. 
per minute to insure an adequate oxygen content in the inspired air. Halothane 
is dropped onto the mask at a brisk rate (60 to 120 drops per minute). The mask 
is held about 2 inches above the child’s face at the beginning and then is grad- 
ually lowered. After about 2 to 3 minutes of inhalation of the halothane vapor, 
there is a beginning of depression of the depth of respiration. When this end 
point is reached, the mask is removed and a few drops of 0.5 per cent tetracaine 
hydrochloride are instilled into each conjunctival sac to eliminate painful stimuli 
of the conjunctiva when it is grasped with forceps and thus prolongs the time 
during which useful working conditions prevail. Usually the child will remain 
asleep for from 5 to 10 minutes. Within 10 minutes after the examination is 
completed the child has reacted fully and can be taken home. 

Of the 400 patients 82 had to be reanesthetized because they recovered before 
ophthalmoscopy was completed. Only 1 or 2 minutes were required for reanesthe- 
tization. 

Premedication with a belladonna drug was found necessary to prevent brady- 
cardia. Of the 26 patients receiving scopolamine hydrobromide 6 developed a 
bradycardia and the use of this drug was stopped. In the 374 patients who 
received atropine sulfate no bradycardia occurred even when apnea was produced 
with the halothane. Blood pressures were determined in 112 patients. The lowest 
systolic pressure recorded was 90 mm. Hg. 

Complications were minor; 12 patients coughed and 6 developed a transitory 
partial laryngospasm during induction as a result of irritation of the respiratory 
tract by the halothane vapor. These ceased after the masks were removed and 
the patients were allowed a few breaths of room air. Induction was then continued 
using a slower rate of administration of the drug. In 28 children apnea was in- 
advertently or deliberately produced without a significant change in pulse rate or 
the arterial pressure. Spontaneous breathing resumed within 30 seconds after 
artificial respiration was instituted. Only 5 children vomited during induction or 
postoperatively. 

The infants under 12 months of age were the most difficult to anesthetize ade- 
quately. Of the 60 children who awoke in less than 3 minutes, 48 were in this 
age group. Respiratory depressio ocncurred sooner and they recovered faster 
than the older children. 
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Avoidance of psychic trauma was rarely attainable, since reasoning with chil- 
dren at the younger ages to obtain their cooperation is difficult. An attempt to 
use secobarbital premedication did not improve this situation unless large doses 
were used (over 1 mg. per pound of body weight). The use of the barbiturate also 
markedly prolonged the time the patient had to be kept in the clinic after the 
eye examination. 


Comment: The technique described here works exceptionally well when handled by an 
anesthetist who is proficient and experienced with the use of halothane (Fluothane- 
Ayerst). Induction is smooth and rapid and recovery is free of excitement and prompt, 
yet gradual enough to allow a thorough ophthalmic examination. Vomiting and salivation 
is minimal. 

Halothane can seriously depress the cardiovascular system, but since it is not metabo- 
lized in vivo its effects can be rapidly reversed. 

Open-drop halothane anesthesia should not be used by the novice. It is an extremely 
potent drug with little margin of safety between its anesthetic concentration (about 1.5 
to 2.0 vol. per hundred) and its lethal concentration (about 2.5 to 3.0 vol. per hundred). 
Many of the deaths with the early use of halothane occurred with the open-drop tech- 
nique. It is now administered by most anesthetists through metered vaporizers in order 
to safely control the inhaled concentration. 

Vinyl ether (Vinethene) has been used successfully for short ophthalmic procedures 
in children for many years. It, too, is a potent agent with rapid onset and recovery; its 
margin of safety is greater than that of halothane. Induction, though, is not as smooth 
as that of halothane. Convulsive movements may be seen during its early administration. 
These are not asphyxial convulsions, but benign manifestations of central irritative 
phenomena produced by the drug itself. 

A pleasant consequence of the halothane technique as described by Dr. Schwartz is 
that the ophthalmologist is not annoyed by the odor and vapor of an anesthetic such as 
vinyl ether which is continuously being administered during the examination. In most 
instances once the end point of halothane anesthesia has been reached and the open-drop 
mask removed, the ophthalmologist is able to work comfortably about the eyes. 

One cannot conclude a discussion of halothane without commenting on its high cost— 
$22.50 for 125 ml.—another deterrent to its wider use; vinyl ether costs approximately 
$3.75 for the same amount. 


LEONARD APT 


DEMONSTRATION OF CYSTINE CRYSTALS IN PERIPHERAL 
WHITE BLOOD CELLS IN A PATIENT WITH CYSTINOSIS 


Davin Korn 


New England J. Med., 1960, 262: 545-548 


A 21-month-old girl was admitted to the hospital with the typical physical 
and radiographic findings of rickets. The urine gave a positive test for protein 
and sugar. The sediment contained white blood cells and granular casts. Serum 
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analyses of nonprotein, sugar, sodium, potassium, bicarbonate and alkaline phos- 
phatase were normal. The serum phosphorus ranged from 2 to 3 mg. per 100 ml. 
Renal function, as measured by creatinine clearances, was normal. There was a 
marked increase in amino acid excretion in the urine. Aspirates from the sternal 
bone marrow contained crystals resembling those of cystine. Slit lamp examina- 
tion of the eyes demonstrated crystalline material in the corneas. The patient 
improved considerably on a regimen of calcium, vitamin D2, and sodium citrate. 

In the peripheral blood smear taken on admission, several polymorphonuclear 
leukocytes and a few mononuclear cells were observed to contain refractile 
crystalline-appearing material within their cytoplasm. Examination of Wright- 
stained smears of the buffy coat by ordinary and by polarized light revealed forms 
characteristic of cystine crystals. Phase-contrast visualization confirmed the 
intracellular localization of the crystals. Identification of the crystals as cystine 
were carried out by means of the solubility tests previously desuribed by Cogan 
and his associates. 

This is the first time that cystine crystals have been demonstrated within the 
leukocytes of the peripheral blood in a patient with proved cystine-storage dis- 
ease. The demonstration again defines the general nature of the disease. 


Comment: Pediatricians suspect a diagnosis of cystinosis in any child who has rickets 
associated with renal dysfunction. In former years, the hematologist exercised a significant 
role in the antemortem diagnosis by the analysis of the bone marrow for cystine crystals. 
In more recent years, the ophthalmologist has frequently been consulted to examine the 
conjunctiva and cornea for crystals, since these sites have been found to be both easily 
accessible and prominent for the deposition of cystine. 

It is necessary for the ophthalmologist to remain aware that deposition of cystine crystals 
in the cornea occasionally can cause photophobia. By chance he may encounter this 
symptom in a pediatric patient with cystinosis previous to the time when this diagnosis 
would have had occasion to be suspected. 

The etiology of cystinosis as well as the reason for the nearly exclusive storage of these 
crystals in reticuloendothelial cells is unknown. Since the level of cystine present in the 
serum and excretion in the urine is normal and is not disproportionate to the amount of 
other of the amino acids, the most tenable explanation of the pathogenesis of the disease 
is that a defective intracellular metabolism of amino acids exists within the reticulo- 
endothelial system. (Bickel; Worthen and Good). Even in the bone marrow the crystals 
have been found in the storage cells but not within the hematopoietic cells (present case 
included). The existence of cystine crystals in the leukocytes of the peripheral blood in a 
child with cystinosis is of particular interest for several reasons. Not only does this offer 
an additional diagnostic aid, but, as the author points out, the study of the intermediary 
metabolism of the peripheral leukocytes of these patients (cells which are readily ob- 
tained) may lead to a better understanding of the basic metabolic defect. 

LEONARD APT 
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PHYSIOLOGY 


OUR PRESENT-DAY CONCEPT OF THE NATURE 
OF FUNCTIONAL AMBLYOPIA 


O. OpPEL 
Ophthalmological Clinic of the University of Mainz, Germany 
Klin. Monatsbl. Augenh., 1960, 136: 1-20 


The deficiencies observed in amblyopia are decrease or loss of central vision 
without evidence of an adequate corresponding organic defect, diminution of 
pupillo-motoric excitability, impairment of binocular rivalry and of dark adapta- 
tion in the initial phase, retardations of perception, difficulties in separation, 
eccentric fixation, disturbance of conjugate movements, prolongation of reaction 
time, and difficulties in localization. They are caused by inhibitory processes 
originating in the visual cortex. 

In order to decide whether cortical inhibitions in amblyopia reach the retinal 
periphery, it appeared suitable to carry out a comparative investigation of the 
capacity for dark adaptation in the normal and in the amblyopic eye. The ca- 
pacity of the eyes for dark adaptation is chiefly a peripheral retinal effort, in- 
dependent of the cortex, which merely allows the assumption of a slight influence 
by the hypothalamic optic center. 

This comparative study has resulted in some important findings. It can be 
assumed with certainty now that in amblyopia the cortical inhibitions may reach 
the periphery of the retina, depending on the intensity of the inhibitions. It has 
also been established that the dark adaptation of the rod system is in no way in- 
fluenced by the cortical inhibitions. Since the processes of dissimilation and as- 
similation have been proved not to be influenced in the rods, it may be assumed 
at the same holds true for the retinal cones. 

The inhibitory impulses can spread by way of corticofugal nerve fibers to the 
peripheral retina and, according to their intensity and concentration, lead to a 
partial or total interruption of the efferent visual paths of the optognostic appa- 
ratus. This optognostic or differentiating apparatus constitutes the genetically 
highest degree of proficiency of our visual organ and implies the functional in- 
tegrity of all direct conducting elements of the cone system and of its cortical 
representation. 
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All the special features encountered in amblyopia show a direct dependent re- 
lation to the concentration of inhibitory influences on the optognostic or differ- 
entiating apparatus. 

The process of the so-called inner inhibition is a varied functional one; the ex- 
tent of the functional central scotoma is subject to corresponding continual varia- 
tions. The functional variability of the cortical inhibitory processes must be 
taken into consideration; it could probably cause the apparently intricate and 
conflicting functional disturbances of the amblyopic eye. These disturbances 
will be especially apparent, if different qualities of performance are tested under 
different examining conditions. 

The place of eccentric fixation in the amblyopic eye is often changed in re- 
peated examinations. Even in convergent squint this place is occasionally located 
temporally from the anatomical macula. This can have nothing to do with the 
formation of a pseudo-fovea. There is only one foveola, which normally serves 
for fixation as well. 


Comment: Amblyopia was not a subject of general interest for a while. Occlusion of the 
good eye was tried to cure it (or to correct it as much as possible) while those caring for 
an explanation continued to argue whether strabismus causes amblyopia or amblyopia 
causes strabismus. All this has changed almost overnight. The names of Bangerter and 
Ciippers are on all lips and pleoptics is the topic of the day. Not all are enthusiastic. 
Some see difficulties. But all are impressed and all know that something new and signifi- 
cant has been added to the handling of amblyopia. It is good therefore and timely that 
the theoretical basis be reviewed. This our author has done admirably. 

One is always glad to find that an author’s views coincide with his own and so I was 
pleased to see that the author believes in an intimate relationship between physiological 
binocular rivalry and amblyopia and sees in the latter only an extreme manifestation of 
a phenomenon which under given conditions presents itself in all of us. In all of us a 
contour presented to one eye will be excluded from perception if, simultaneously, an 
opposing and for some reason more impressive contour is offered to corresponding retinal 
elements in the other eye. An outstanding characteristic of this “retinal’’ rivalry in the 
normal is its rhythmic oscillation. For a moment, the pattern which breaks through, so 
to speak, the barrier to consciousness, arrives wholly from one eye, the next moment it 
comes from the other eye and at times we sense a peculiar mosaic comprising elements 
from each. With marked dominance of one eye or with decreased clarity of the retinal 
image of the other (for instance, placing a gray filter in front of one eye) the rhythm be- 
comes biased. The bias is in the direction of prevalence of the dominant eye or the eye 
with the better picture. In amblyopia the rhythm is suppressed altogether or almost so. 
Only “in spots” might impressions, contours arriving through the squinting eye emerge 
into perception. The dominant eye is really domineering. 

Most of us think of this process as a kind of short cutting of one of two sets of afferent 
visual impulses. One set of impulses is prevented from consummation, from emergence 
into consciousness. It stops, we imagine, at some lower “prosensation”’ level. Oppel sees 
in the phenomenon the outcome of an efferent rather than afferent inhibitory action. 
According to his theory the’ inhibition of amblyopia is a reflex. The efferent branch of 
this reflex originates in the cortex and affects, in the retina of the amblyopic eye, the 
synaptic transmission of afferent impulses from the sensory elements onto the bipolar 
cells. Surely, the existence of corticofugal neural elements in the optic radiation must 
be accepted as proved in view of the testimony of electrophysiology Still, it is not clear 
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to me why one should surmise such a complicated eye-to-eye reflex—inhibition of synaptic 
transmission in the retina of the amblyopic eye initiated through processes arriving in 
the cortex from the retina of the sound eye—when it is so much simpler to imagine that 
the “suppression” takes place in the visual cortex, in amblyopia as well as in no visual 
rivalry. Once elements of the visual cortex are “engaged” by some stimulus process, the 
very engagement of these elements will make them refractory to engagement by different 
stimulus gradients. Similar stimulus gradients arriving in corresponding cortical loci 
unite like two rivers junction into a stream. This is the phenomenon we call fusion. This 
occurs in the receiving visual cortex. Opposing stimulus gradients arriving in corresponding 
cortical loci hamper each other, with only one prevailing at a time. This process, the 
opposite of fusion, also has no reason to occur anywhere else but in the cortex. 

A much better argument in favor of active inhibitory processes in amblyopia is offered 
by the author’s comparative dark-adaptation studies. According to these a majority of 
amblyopic eyes shows delayed cone adaptation while there is no difference in the course 
of the final magnitude of rod adaptation. It will be worthwhile in this connection to 
remind the reader of the earlier work of Wald and Burian (Am. J. Ophth., 1944, 27: 950) 
who found no difference in the performance of the amblyopic and the normal fellow 
eye in the tests for light perception which they used and also of the beautiful newer 
studies of von Noorden and Burian (A.M.A. Arch. Ophth., 1959, 67: 533, and 62: 396) 
about the self-cure, so to speak, of amblyopia in dark adaptation. 

The author’s hypothesis about a kind of triplicate retino-cortical connection system 
is certainly intriguing, interesting and ingenious. The classic studies of Polyak offer 
sufficient proof for the existence of multiple synaptic interchanges at both the bipolar 
and the ganglion cell levels. Polyak’s well known beautiful drawings of retinal cross- 
sections depict multidendritic bipolars able to pick up information from several cones 
and rods juxtaposed to “real” bipolars which carry one-to-one messages especially from 
the foveal cones. They also show multidendritic ganglion cells which are certainly equipped 
to relay the information carried by several of those collector bipolars. Oppel’s imagination 
goes, however way beyond Polyak’s observations and his description of three quasi 
independent centripetal retinal pathways ending in three different subcortical and cortical 
coordinator centers can so far only be treated as a hypothesis. Again it is only a hypothesis 
that the centripetal inhibitory processes knock out one of these three functional paths 
only, the one-to-one transmitters of the Differenzierungsapparat with its “optognostic” 
function, in other words, the pathways for acute vision. They are not supposed to affect 
according to this hypothesis, the other two mechanisms. They leave the eye functioning 
as a kind of primitive visual organ with the mechanisms for orientation and light-and- 
dark differentiation intact. But although all this is yet purely hypothetical, Oppel on 
the basis of this hypothesis offers what to me is so far the best explanation of the dis- 
crepancy between “cortical” and “angular” visual acuity (both of these names are bad 
and should speedily be replaced) which baffles so many of us. 

I am especially pleased with the author’s categoric statement that “the misleading 
concept” of the formation of a pseudo-fovea in the squinting amblyopic eye finally be 
given up. The existence of so-called anomalous retinal correspondence with adaptive 
binocular vision, even stereopsis, achieved through formation of a new adaptive fovea in 
the squinting eye has become a tenet in the catechism taught every orthoptic technician. 
So much so that to deny it is deemed sacrilegious. Surely no adaptive change of so-called 
retinal main visual direction could explain how in convergent strabismus an area temporal 
to the fovea could assume the role of a pseudo-fovea. 

Oppel believes that fixation is a kind of “conditioned optognostic-optomotor reflex,’’ 
an oculorotary motor response elicited through stimulation from the functionally best 
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available retinal area. This belief is shared by many, and it offers a better explanation 
for the phenomenon of eccentric fixation than the pseudo-fovea theory. If there is a 
pseudo-fovea, an area in the squinting retina distinguished by the fact that upon it falls 
the image of what is being fixated with the sound eye, then the best adaptive reaction 
this pseudo-fovea can offer is possibly deepest suppression to avoid binocular diplopia as 
well as feasible. The concept of a pseudo-fovea is misleading, indeed. Eccentric fixation 
is not caused by change of primary visual direction either. It is simply caused by the 
circumstance that the eccentric area sees best. 
Artur LINKSzZ 





BIOCHEMISTRY 
TETRAZOLIUM STUDIES IN THE RETINA 
IV. DistrisuTIon oF REDUCTASE IN OcULAR TISSUE 


Davip G. CoGAN AND ToicHtro KUWABARA 
Boston, Massachusetts 
J. Histochem. & Cytochem., 1960, 8: 380-384 


Tetrazolium reductase activity is often used to indicate dehydrogenation sites 
in tissues. Moreover, while the technique has definite limitations, it reveals the 
presence of enzymes involved in oxidation-reduction reactions and possibly also 
the sites of enzyme activity in energy production. Since the sequence of reactions 
is not yet fully defined, the authors consider in this paper tetrazolium reductase 
activity as induced by a particular substrate rather than an activity of a specific 
dehydrogenase. Previous studies by the authors have been concerned with pat- 
terns of tetrazolium precipitation in the retina, depending on substrates usually 
associated with energy production. In this paper this study is extended to other 
parts of the eye. 

As in previous studies, small pieces of tissue were incubated at pH 7.8 for 3 
hours in a medium of blue tetrazolium 0.25 mM, phosphate buffer 0.15 M, and 
substrate 25 mM, and when necessary also cofactors. The tissue was then im- 
bedded, after fixing in formalin, in gelatin, and frozen sections were studied. 

Tetrazolium reductase activity was intracellular and apparently limited to 
cytoplasm. Inepithelial and stromal cellsthe precipitation was in the form of dark 
blue birefringent granules, but precipitate in. extraocular muscles differed ac- 
cording to the substrate. Some correlative observations were also made on non- 
ocular tissues, and the reliability of the technique was tested on liver 
mitochondria. 

Two patterns of response were found, one induced by lactate-diphosphopyri- 
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dine nucleotide, and the other by succinate. The activity when succinate was 
used appeared to correlate with the presence of mitochondria in the tissues. 
However, since tetrazolium techniques are less sensitive than biochemical tech- 
niques, the observations do not necessarily indicate that no aerobic activity is 
present in these tissues. Blue tetrazolium is the least sensitive of the tetrazolium 
preparations but is the most suitable for experiments using whole pieces of tissue. 


Comment: Damage to the cells, whatever the type of injury, is a major factor in the 
cytochemical study of enzymatic activity concerned with energy production, using tetra- 
zolium salt as electron acceptor. 

The authors method, “dividing” nonfixed ocular tissues into “small pieces” and in- 
cubating 3 hours at 38°C. may induce erroneous results, in the sense of “over activity”’. 

This ‘‘over activity” may be the result of some interaction of the cellular surface, 
cytoplasm and the pre-existing enzymes with the dehydrogenases, proteolytic enzymes 
and other substances released by the damaged tissue. Associated with such changes there 
may be also alteration in permeability due to the prolonged immersion in incubating 
fluid at 38°C. 

On the basis of my own experiments with lactic dehydrogenase, it seems to me that 
we may consider in the nonfixed ocular tissues; cells or portion of cytoplasm showing 
reductase activity with tetrazolium; others showing no activity; and others that ordinarily 
show no activity such as corneal epithelium but after a lesion they show a very positive 
activity. 

This question is discussed by A. G. E. Pearse, Histochemistry, 1952; M. 8. Burston 
and the authors he cited; and J. Histochem. Cytochem., 1958, 6: 322. 

Rivka WAINSTEIN 
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HISTORY 
GEORGE FREDERICK HANDEL—A GENIUS IN DARKNESS 


A CoNTRIBUTION ON His OcuLarR DISEASE 
G. E. Arrineton, Jr. 


Virginia M. Month., 1960, 87: 2-10 


Handel was the son of an eminent surgeon of Halle, Germany. He was born in 
1685, the same year as Bach. He received formal instruction in music at the age 
of 9, and when he entered the University at Halle as a law student, he was ap- 
pointed organist of the cathedral. By the age of 21 he had written his Passion 
According to St. John, the operas Almira and Nero and many songs, cantatas and 
harpsichord pieces. After study in Italy he visited England in 1710 where he com- 
posed a birthday ode for Queen Anne and was commissioned to compose the Te 
Deum and Jubilate for St. Paul’s Cathedral, for which he was granted a yearly 
income of 200 pounds. On the accession of George I, his Water Music was played 
on a boat that followed the royal barge on the Thames. Handel spoke German, 
French, Italian and English and counted among his many friends, poets, drama- 
tists and scholars. His favorite charity was the Foundling Hospital to which he 
gave a pipe organ and directed numerous performances for its benefit. In the 
wake of serious financial reverses he suffered a stroke on April 13, 1737, during 
which he lost the use of his right arm. He recovered and composed the Funeral 
Anthem for Queen Caroline. As he regained his strength he turned to the heroes 
of the Old Testament for musical inspiration. His oratorios, Saul, Israel in Egypt, 
Messiah, Samson, Joseph and his Brothers, Balshazzar, Judas Maccabeus and 
Joshua, invigorated the whole of musical public life. The Jewish Community of 
London was particularly captivated by this material and sustained Handel in 
his period of financial distress. Definitely a shift in scope, majesty and depth of 
musical impact followed his first stroke. In 1751 while working on the oratorio 
Jephtha he was unable to go on for a time “owing to weakening of the sight of my 
left eye.” Samuel Sharp of Guy’s Hospital examined Handel and apparently felt 
that his visual impairment was due to some other condition besides cataract, 
thus supporting a suspicion of neurogenic visual disturbance. On March 3, 1752, 
he was couched by William Bramfield, a surgeon at St. George Hospital. After a 
few days the sight left, never to return. In 1758 Handel consulted Chevalier John 
Taylor who seems to have diagnosed central nervous system blindness. Handel 
died at age 74, and according to his desire was buried in Westminster Abbey. 
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Comment: Arrington, who is a dedicated student of the history of ophthalmology, 
submits strong evidence that Handel’s blindness in the last 6 years of his life cannot be 
explained on the basis of senile cataracts alone. The history of multiple strokes is the 
basis of his reasonable hypothesis that the blindness was predominantly of central origin. 
Arrington’s role as historical detective is reminiscent of studies by ophthalmologists 
regarding the blindness of Milton and the Biographic Clinics by George M. Gould. 

James E. LEBENSOHN 


ACHIEVEMENTS IN OPHTHALMOLOGY IN NEW CHINA 


Tsvo K’o-M1ne 
Peking, China 
Chinese M. J., 1960, 80: 33-39 


Since the establishment of New China, the number of ophthalmologists has 
increased 10-fold, eye care has been extended to outlying provinces, and also to 
industrial groups, and publications have increased 10-fold. 

Certain traditional eye remedies have been studied and some found useful. 
Soviet methods of keratoplasty have been introduced, and a total of 1,350 pa- 
tients have had corneal grafts performed since 1950, with an improvement in 
satisfactory results in from 40 to 71.4 per cent total cases, and up to 100 per cent 
in lamellar keratoplasty for selected conditions. Filatov’s transplantation of the 
parotid duct as a treatment of parenchymatous xerosis was introduced in 1952, 
and Chinese doctors have developed methods of handling complications. 

The classification of trachoma has been simplified to facilitate mass treatment 
and 11 strains of virus from the conjunctiva of patients with trachoma have been 
identified. Investigations have been carried out on the normal and the tracho- 
matous limbus, and comparison of the effects of drugs on this condition has shown 
that Aureomycin and Terramycin are the most effective, that Cooper sulfate is 
the least useful, and that, while phenol gives results in the shortest time, its use 
is too complex for mass treatment. Posttreatment studies have indicated that a 
long course of treatment should continue after clinical cure. Epidemiological and 
prophylactic measures have also been investigated. 

Glaucoma is the chief cause of blindness in China. Methods for early detection 
have been evaluated, and Pavlov’s teachings have led to greater attention to the 
patient as a whole as well as to the study of local causative factors. Iridencleisis 
has been the preferred operation, though other procedures are also used. 

Before 1949 only 1 of 11 reported cases of retinal detachment was operated 
upon, but since then 220 operations have been reported, usually preceded by 
biomicroscopic examination which aided in determining the most suitable method 
of treatment. 
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Since 1950 Chinese journals have reported 392 patients operated upon by 
dacryocystorhinostomy, and considerable progress has been made in treating eye 
injuries in industrial plants. Studies have been carried out on refractive errors, 
color blindness, and on the normal measurements of the Chinese eye. Equipment 
for teaching has also been improved. 


Comment: According to the author great advances have been made in Chinese oph- 
thalmology since the “liberation” of China. As one would expect most of the advances 
in the techniques in keratoplasty, etc., are credited to the Russian school. 

The references are all from Chinese publications as one might surmise in this article 
celebrating the glorious 10th anniversary of the peoples rise to power. 

P. Ross McDonatp 


ADRENALECTOMY—A SAGA OF THE UNKNOWN 


Ira §. GOLDENBERG 


Surg., Gynec. & Obst., 1960, 111: 116-120 


The suprarenal glands were first described by Bartholomaeus Eustachius of 
Rome in 1563. Though interest in the ‘‘renal capsules of Eustachius” faded in the 
succeeding two centuries, the idea did not die completely. In 1716 the Academy of 
Sciences at Bordeaux offered a prize for a solution of the function of these glands 
but no entry was considered acceptable. Winslow, in 1752, named the structures 
“suprarenal glands” and described the gross anatomy more completely; and in 
1864 Ecker made a detailed microscopic examination. 

In 1855 Thomas Addison published his study, On the Constitutional and Local 
Effects of Disease of the Suprarenal Capsule. For the first time malfunction of the 
adrenals was linked to human disease, and research was awakened. In 1856, 
Brown-Séquard performed the first adrenalectomies in animals, from which he 
concluded that the suprarenal glands were absolutely essential for life. 

On April 11, 1889, J. K. Thornton of London performed the first successful 
adrenalectomy in a human. The patient was a married woman of 36 who had been 
referred from Halifax for a supposed splenic tumor. Thornton concluded that the 
tumor was not splenic but renal. At operation he removed a 20-pound tumor. He 
reported that “The tumor might quite well have been peeled away from the 
kidney and this organ left behind, had it not been for the renal vessels being so 
enormously enlarged and supplying the tumor.’’ The woman was covered all over 
with long silky hair, and had to shave her face like a hairy man. After a stormy 
convalescence she recovered fully and stated, “I am much like my old self and 
have all the external appearances of other women.” 

Great progress in understanding adrenal medullary function came at the turn 
of the twentieth century when epinephrine was isolated and identified. In 1930 











MISCELLANY 201 


the first crude adrenocortical extract was prepared. Elective operative interven- 
tion became more common as better hormone extracts were developed for re- 
placement therapy. In 1945 Huggins and Scott reported the first total bilateral 
adrenalectomy for carcinoma of the prostate and since then the operation became 
commonplace. 


Comment: Five centuries ensued between the discovery of adrenal glands and the 
survival of humans after their complete excision. The most notable progress occurred 
in the past 60 years. Abel of Johns Hopkins University demonstrated a blood pressure- 
raising principle in the extract of adrenal medulla. In 1901 Takamine isolated epinephrine 
from animal glands. In 1904 its structure was elucidated and its synthesis from chloroace- 
tocatechol effected. It is normally found in the blood in a concentration of 10-”. Epi- 
nephrine solutions are not stable in neutral or alkaline solutions which rapidly become 
red on exposure to air owing to the development of inactive adrenochrome. The incorpo- 
ration of epinephrine in the local anesthetic solution not only reduced bleeding but 
markedly prolonged the duration of local anesthesia. It acted like a chemical tourni- 
quet. Subconjunctival injection of epinephrine produces a spastic mydriasis which is 
maintained in eye surgery after loss of the aqueous in contrast to the paralytic mydri- 
as is produced by atropine or homatropine. 

Mason and Kendall isolated from the adrenal cortex cortisone in 1936 and hydrocorti- 
sone in 1938. Woods showed that these products were effective in ocular allergies and 
inflammations of the anterior segment by topical instillation; but affections of the posterior 
segment required systemic administration. After the structure and synthesis of these 
preparations were effected, artificial modifications were produced which were even more 
potent than the natural hormones—prednisone and prednisolone. Other artificial modifica- 
tions such as triamcinolone and dexamethasone further reduced the collateral hormonal 
effects to a minimum, producing no sodium or water retention, no potassium loss and 
lesser incidence of peptic ulcer, osteoporosis and disturbance of psychic equilibrium. The 
synthetic adrenocortical steroid, dexamethasone, has an activity six times that of pred- 
nisolone and thirty times that of hydrocortisone. 


JAMES E. LEBENSOHN 
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TONOMETRY, WITH A DESCRIPTION OF A NEW TONOMETER 


H. Scuigrz, M.D. 
Christiania, Norway 


Archiv fiir Augenheilkunde, 1905, 52: 401; 1909, 62: 317 
Abridged translation by Arnold Knapp, M.D., New York 
Arch. Ophth., 1911, 40: 518-525 


A number of instruments have been suggested to measure the intraocular 
pressure, but not one has, as yet, been generally used. The construction of the 
various instruments is given in the Graefe-Saemisch Handbuch, Vol. IV, page 
206, with bibliography. The latest and best are those of Fick, Koster, 
and Maklakow. 

There are two kinds of tonometers: first, those which produce an impression 
in the capsule of the eyeball, of a constant depth, where the force necessary to 
accomplish this varies according to the degree of the intraocular pressure; and 
apparatuses with constant force, where the depth of the impression varies. A 
distinction between tonometers of applanation and tonometers of impression, 
is not quite correct. Every applanation tonometer, with a pressure surface which 
is not too large, becomes, with increasing pressure, an impression tonometer. 
Moreover, there is no difference in the method of action. 

It has seemed to me a great want that we did not possess a reliable instrument 
by which the intraocular pressure could be easily determined and translated into 
numerical values. I have been working for a long time upon this problem, and 
with the following result: At first I constructed an apparatus which produced a 
constant impression where a small mercury manometer permitted the reading 
of the recorded force. Finally, I used a tonometer with constant force and varying 
impressions. In other words, a combination of both systems. This apparatus is 
simple in construction and in manipulation. It will be seen that the long rod, a, 
is situated in a sheath in which it glides easily. It is 3 mm. in diameter. Its lowest 
extremity, which is to rest upon the cornea, is concave. The upper end is pointed 
and receives the weight, 1. The sheath, b, has at its lower end a foot-plate, 9 mm. 
in diameter, with a concave lower surface, of a radius of curvature of 155 mm. 
During use, the pointed extremity of this rod is in contact with the short arm of 
a lever which rests upon it by its weight. Every movement of the rod causes a 
variation in the position of the long arm of the lever. At the extremity of the long 
arm of the lever there is a millimetre scale, by which the degree of the excursion 
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can readily be read. About. the sheath, b, there is a collar, c, supported by two 
arms. This collar is in contact with the sheath by means of very small rolling 
wheels. When the apparatus is to be used, it is most convenient to have the pa- 
tient lie on a bench, with the head held back so that the eyes are directed upward. 
It is also possible to have the patient sit in a chair, with the head drawn back, 
though I do not think the determination is as accurate as in the previous position. 
The eye is anesthetized with a 2° solution of Holocaine. | have used this anaes- 
thetic because it does not dilate the pupil. In eyes with increased pressure, after 
the testing of the tension, | employ pilocarpine. The patient is asked to look 
straight upwards; with the fingers of one hand the eyelids are carefully separated 
without pressing upon the eye, and with the other hand the apparatus is placed 
directly upon the cornea. The apparatus is supported by the collar, c, and then 
rests with its own weight upon the eye. The reading of the long arm in the milli- 
metre scale can then be taken. Three measurements should be made, and the 
average determined. By means of a diagram it is easy to determine how many 
millimetres of mereury pressure corresponds to the reading in the millimetre 
scale. It is necessary to examine with weights of different weight. It is evident 
that in eves with high intraocular tension, there is no reading when the weight 
is used which is sufficient in the measurement of a normal eye. The apparatus, 
therefore, is supplied with four different weights which, with the rod and the 
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lever, together represent the weights, 54% g., 7! g., 10 g., and 15 g. When no 


weight is used, the rod and the lever represent a weight of 4 g., which can be used 
in very soft eyes. 

The curves which were determined by measurements made by the open eye 
that is, one directly communicating with a manometer—were supposed to be 
applicable for the estimation of the pressure in the closed living eye. This, how- 
ever, has proved to be incorrect, because I at first assumed that the weight of 
the tonometer itself was of no particular importance. Later experiments have 
shown me that the weight of the tonometer influences, to a high degree, the intra- 
ocular pressure in the closed eye. The curves of the closed eye run differently, and 
are lower than those of the open eye. This, however, has very little practical sig- 
nificance. A variation of the lever from 6 to 3 mm., with the weight, 5!9 g., still 
remains the normal variance of the normal intraocular pressure. This, however, 
does not correspond, as was previously assumed, to a mercury pressure of 24 to 
31 mm., but a pressure of 15.5 to 25 mm. My attention to the great difference 
bet ween the pressure of the open and the closed eye was first attracted after the 
using of a small apparatus which I have constructed to verify the tonometer. 
This consists of a small metallic cylinder, about 14 mm. in diameter, whose 
one extremity is closed by a thin piece of rubber. The other is connected with 
& manometer by a tube, and by means of a cock is opened and closed. The 
piece of rubber represents the cornea. 

The almost daily use of my tonometer, during the past two years, has shown 
it to be practical and reliable. An experience which we soon make is, that the 
finger is not reliable in determining the intraocular tension. I have made a 
number of measurements after using mydriatics and miotics. The solutions were 
salicylate of eserine 'y “, hydrochlorate of pilocarpine 2%, chlorate of morphine 
3°, sulphate of atropnie 2°, cocaine hydrochlorate 3°. The eye was first 
measured after Holocaine anaesthesia, then the medicament was instilled twice 
with an interval of fifteen minutes, and then the measurement was taken three- 
quarters of an hour and one and three-quarters hours later. 

The miotics, eserine and pilocarpine, exert a powerful pressure-reducing 
action upon the normal eye; 2% of pilocarpine rather more than !5% eserine. 
It has generally been taken for granted that the action is the result of the miosis, 
but we observed a very marked reduction in tension in an eye with congenital 
aniridia, and in eyes in which an iridectomy has been performed the action is 
distinct. 

Morphine, which is often used in combination with pilocarpine or eserine, has 
a distinct though transient pressure-reducing action, and is probably of no 
value in the treatment of glaucoma. The miosis is inconstant and not pronounced. 

Atropine, in the normal eye, does not seem to have any particuler effect 
upon the intraocular tension. This agrees with our daily experience. It is possible 
that there may be an unimportant and very transient increase in tension. In 
eyes, however, which are predisposed to increased tension, or where the pressure 
with the tonometer seems to be somewhat elevated, a drop of atropine always 
produces a decided increased tension. In a patient with pronounced glaucoma 
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in the right eye, while the left eye had only a slight increase of tension, 27 mm. 
Hg (mercury), atropine was accidentally instilled in the left eye. In the course 
of the next hour the pressure rose to 41 mm. Czermack’s explanation, that the 
increase of pressure after atropine is the result of the increased volume of the 
iris in its periphery by dilatation of the pupil, seems to me very plausible. It is 
conceivable that the thickening of the iris-periphery, to a certain extent, may 
impede the access to Fontana’s spaces, and that thus the escape of fluid can be 
retarded which, in an eye predisposed to it, may be followed by increased ten- 
sion. It cannot be assumed that the interference with the escape of fluids in 
glaucoma is produced by an occlusion of Fontana’s spaces. In those cases with 
increased tension, with a normal or even deepened anterior chamber, as in 
buphthalmus, or not infrequently in serous iritis, we can assume that the obstruc- 
tion to the intraocular circulation is caused by an occlusion of Fontana’s spaces 
or of the canal of Schlemm. On the other hand, in those cases—which are, of 
course, the more frequent—where the anterior chamber is unusually shallow, 
the obstruction to the intraocular circulation must be sought for behind the 
lenticular system. The obstruction of fluids in the vitreous chamber has pushed 
the lens and the iris forward. 

Cocaine does not seem to have any particular action on intraocular pressure, 
though experience has shown us that cocaine, just as atropine, from its mydriatic 
effect, can produce distinct increased tension in eyes which are predisposed. A 
case of this kind was observed in my clinic. To use the tonometer, cocaine was 
instilled in an eye. Immediately the pressure rose, and this was only controlled 
after the energetic instillation of eserine and pilocarpine. 

If we measure the normal eye repeatedly with increasing weights, we some- 
times observe variations in the reading, and if the weight 519 g. is then used, a 
different reading is recorded than was used at the first measurement. This is 
probably the result of the escape of a certain amount of fluid from the eye from 
pressure. 

I have made a number of measurements at different times of the day, but 
have not found that in normal eyes there is any particular variation in the ten- 
sion. In a young girl, with pigmentary retinitis, the pressure in the evening 
seemed to be somewhat lower than in the morning. In pathological eyes it is 
astonishing how quickly and how marked variations in pressure may show them- 
selves, especially in glaucomatous eyes. In the so-called prodromal attacks, the 
pressure may rapidly rise to 50 or 60 mm. A young man whose right eye pre- 
sented a sclero-kerato-iritis, with opacities of the cornea and posterior synechia, 
after a number of prodromal attacks, the eye became permanently hard. After 
an iridectomy the pressure became normal for some time. A few weeks later the 
eye seemed to be very soft. The tonometer gave, with a weight 5!9 g., a reading 
of 17 mm., which corresponded to an intraocular pressure of only 3 mm. Hg. 
On the following day, the pressure had risen to 40 mm. He told us that frequently 
in the mornings the eye was very soft and towards evening it would become 
harder again. 

It is, perhaps, possible that the rapidity of the increased tension is a deter- 
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mining factor of the development of congestive glaucoma. The height of the 
pressure is not necessarily of importance. In congestive glaucoma | have not 
found very high pressure, frequently 60 to 70 mm. Hg. In glaucoma simplex, 
however, a pressure of 100 mm. Hg, and even more, is frequently found. If the 
increase of pressure is gradually developed, the circulation becomes adapted to 
the variations of pressure. It is stated that a detachment of the retina is always 
associated with diminished tension. It has always seemed to me that this was 
erroneous. In the spontaneous retinal detachments in apparently normal eyes, 
I have found the pressure to be within the limits of the normal; thus, with a 
weight of 5!y g., the reading would be 3 to 6 to 7 mm. In old detachments 
diminished tension is often present, especially in secondary detachments after 
irido-cyclitis. 

The most marked hypotony which I have observed in a living eye occurred 
in an eye with chronic irido-cyclitis, which during the examination remained 
free from irritation, and with a vision of fingers in 'y metre; projection was 
fairly good. With a weight of 5! g., the index on tonometer recorded 24 mm. 

in other words, an intraocular pressure equal to 0. On palpating with the fin- 
gers nothing of the eye could be appreciated. 

It is stated that increase of tension is of differential diagnostic importance in 
making a diagnosis of a retinal detachment and of a tumor. I have taken the 
tension in 3 cases in which the tumor was small. It is, of course, in the small 
tumors that the diagnosis is the most important. In two of these I found an 
unusually reduced pressure, namely, 11.5 mm. in one, and 19 mm. in the other. 

Measurements before and after enucleation in a glaucomatous eye, with a 
very high pressure, 122 mm. Hg, showed, after enucleation, a pressure of 72 mm. 
Hg. In a normal eye, with 19 mm. Hg, pressure, after enucleation the pressure 
Was equal to nothing. 

Among a number of post-mortem measurements, one gave an excursion of 20 
mm. Hg, with a weight of 5!9 g., showing that the intraocular tension was 
equal to nothing. 

I should like to urge the colleagues who are using my tonometer to be very 
careful to cleanse the instrument thoroughly after its use. The rod is to be 
taken out and together with the foot-plate carefully washed. It is not infrequent 
than an instrument is returned to the maker, and a thorough cleaning is all 
that is necessary. It is well to use in cleaning some fluid which is indifferent to 
the eye, like water or boric acid. I should like to warn against the use of alcoho! 
or ether. Some may remain in the cylinder and drop into the eye. 


Comment: Of about 50 instruments devised for tonometry, the simply constructed and 
easily used Schigtz design has achieved the greatest popularity. While Schigtz was living, 
the tonometers manufactured by his instrument maker carried a certificate that they 
were replicas in construction and performance of the reference standard. As time passed 
and the manufacture of “Schidtz tonometers” spread to other countries, the reproduction 
of the original design became increasingly faulty ahd instruments produced by different 
reputable manufacturers gave widely divergent readings on the same eye. This lamentabl 
situation was ended in America through the continued efforts of the Committee on Stand 
ardization of Tonometers established by the American Academy of Ophthalmology and 
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Otolaryngolorgy in 1942. Testing stations for the rehabilitation and recalibration of 
aberrant tonometers were instituted in New York, Chicago, San Francisco, and Sao 
Paulo, Brazil, by individual committee members. Of more than 1500 tonometers checked, 
over 80 per cent were found grossly divergent from the official Schigtz pattern. At the 
testing stations 28 measurements were made, of which 14 were found to affect the tonom- 
eter reading. The most critical items were the weight of the plunger assembly, the 
diameter of the plunger base and the plunger edge profile. 

All reputable American manufacturers of tonometers now adhere to the specifications 
of the Committee and submit their instruments for certification to an impartial agency, 
the Electrical Testing Laboratories of New York City. Their certificate shows the identify- 
ing serial numbers of both the instrument and the plunger. From 1946 to 1951 nearly 4000 
tonometers have been certified. With present tolerances the standard deviation for a 
single tonometer reading with a randomly selected tonometer is within the clinical error 
of measurement. Interconvertible readings with different certified tonometers is a valuable 
aid in consultation and institutional work. Though no one is compelled to submit his 
product for certification nor is forbidden to make uncertified instruments, the educational 
policy of the Committee has been so effective that ophthalmologists in increasing numbers 
are insisting on certified tonometers. 


REFERENCE 


STANDARDIZATION OF TONOMETERS. DECENNIAL Report. Am. Acad. Ophth. & Otolaryng., 
1954. 


BIOGRAPHICAL NOTE 


Hjalmar August Schigtz (1850-1927) was born in Stavanger, Norway, graduated as 
bachelor of medicine in 1877, interned at the University Clinic at Oslo, after which he 
went to Vienna for postgraduate study under Arlt and Fuchs. He then worked with 
Javal for 15 months in the Laboratory of Physiologic Optics at the Sorbonne. Javal re- 
ferred to the period of this association as “the best days of my life.’”” The Javal-Schigtz 
ophthalmometer, a product of their collaboration, was first exhibited at the Milan 
Congress in 1880. 

Schigtz returned to Norway in 1881 to become clinical chief of the ophthalmic service 
at the Royal Hospital in Oslo. In 1883 he secured his doctorate with a thesis “On 
some optical corneal characteristics.’”” He was appointed professor of ophthalmology in 
1901, the first in Norway, as the University had included ophthalmology previously as a 
service of surgery. 

The tonometer, on which he had worked 3 years, was demonstrated first before the 
Norwegian Medical Society on May 12, 1905. Between then and 1927 he contributed 11 
articles on tonometry. His calibrations, which continued for over 2 decades, are models 
of scientific care. After his first calibrations in 1905, he reported a revision in 1908, and 
a final revision in 1924, in which he proposed a set of three curves for eyes of average, 
low and high ocular rigidity. In 1927 he introduced a tonometer with a convex plunger, 
the Schigtz X-tonometer, adaptable to all tensions without requiring accessory weights. 
Schigtz also invented a self-registering perimeter, a lantern for testing color vision and 
an ophthalmoscope of his own design. 
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Book Reviews 





Synopsis of Pathology, by W. A. D. ANprrson. Ed. 5. $9.25. C. V. Mosby Co., 

St. Louis, 1960. 

All ophthalmologists are interested in that branch of natural science which 
treats of the causes and nature of disease as well as the anatomical and functional 
changes accompanying them. A fair knowledge of pathology makes the diagnosis, 
treatment, observation and understanding of disease a less complex problem. It 
is impossible for the busy ophthalmologist to be prepared to keep up with all 
the advances in the field of pathology. Books such as this 5th edition of Synopsis 
of Pathology attempt to provide in a small volume an opportunity for one to 
quickly keep up with the rapid progress of medical research and the changing 
patterns of diseases and their incidence as exemplified in pathological studies. 

This 5th edition of the text has been rewritten in many areas. For example, 
the text has taken into consideration the changes in viral diseases; the drop off 
in tuberculosis and malaria; the new recognition of many viruses and much new 
and fundamental knowledge of the nature of viruses. Since this book was first 
published in 1942, a number of diseases or syndromes have appeared or been 
recognized. Various tumors have been reclassified and their nature revealed in 
greater detail. Conditions such as catscratch disease and aldosteronism, carcinoid 
syndrome as well as the new information or understanding which has developed 
in regard to histoplasmosis, toxoplasmosis, Hashimoto’s thyroiditis, the rela- 
tionship of giant cell pneumonia and measles, fibrous dysplasia of bone are im- 
portant to the ophthalmologist and are considered in this new edition. 

Similarly, the ophthalmologist is interested in pathology of vascular diseases 
and should be informed concerning the cellular discoveries of importance that 
have taken place in dealing with the recognition of sex chromosomes, the LE 
cell and the heparin content of mass cells. There have been considerable changes 
in the importance of hypersensitivity in many diseases and the accumulative 
effects of irradiation which are covered in some detail in this text. 

There are 25 chapters covering many of the basic features as well as advances 
in pathology. No special chapter is devoted to ophthalmology, but there is a 
plethora of information that cannot avoid being helpful to the ophthalmologist 
who can find the time to study this book which is designed for rapid reading. 

Irvine H. Leoroip 


Atopic Cataract, EMANUEL Rosen, M.D. $5.75. Charles C Thomas, Springfield, 
Ill., 1959. 
This is a monograph in the series of American Lectures in Ophthalmology pub- 
lished by Charles C Thomas. It represents a collection of data which is useful for 
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those who are interested in atopic cataracts, namely dermatologists, allergists, 
psychiatrists as well as ophthalmologists. 

The author has drawn conclusions and suggests methods and management of 
these cases based on the available information. This small text consists of 10 
sections dealing with the history of atopic cataracts, associated skin lesions, 
clinical and microscopic appearance, rate of development, pathogenesis, differ- 
ential diagnosis, surgical prognosis, and generalized discussion as well as indi- 
vidual case reports. There is also a chapter on statistical data concerned with 
atopic cataracts. The case reports make interesting reading and are illustrated 
with informative, diagrammatic drawings. 

There are a few errors in spelling which can be corrected in later editions. The 
printing is easily read and the book can be perused rapidly. 

IrnvinG H. LEoPoLpD 


The Treatment and Prevention of Reading Problems, Cart H. DELAcaATo, 

Ep.D. $4.50. Charles C Thomas, Springfield, Ill., 1959. 

Reading problems in children do concern ophthalmologists in everyday 
practice. These children receive a great deal of attention from educators as well 
as from their families and their physicians. There is no doubt that a considerable 
effort is being made by educators in order to reduce the number of poor readers. 
However, there still remain a number of children who do not read up to the level 
indicated by their capacity and itis in aneffort to handle these children that this 
text is written. The author is a member of the staff of a private school in Phila- 
delphia and has had considerable experience dealing with this problem. 

It is a small text of just a little over 100 pages, well printed and can be read 
rapidly. It deals largely with the neuropsychological approach to the reading 
problem. 

In the text, there is consideration of the retarded reader as an individual; the 
neurological problems which may be associated with reading difficulties; the role 
of the ophthalmologist as seen by the educator and suggested methods for the 
evaluation, treatment as well as prevention. The text also includes a number of 
illustrative cases. Although there are several points with which one may differ 
in the text, there is considerable information of value to all ophthalmologists who 
must be concerned with this problem. 

Irvine H. LEoPpoLp 
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THERAPEUTICS 
TOTAL EYE CARE 


D. D. PINKERTON 
Honolulu, Hawaii 


Hawaii M. J., 1960, 19: 649-650 


The aim of the author is to point out ancillary care which is available to the 
visually handicapped, and to urge the ophthalmologist to assist his patients in 
securing such assistance after medical and surgical means have done their utmost. 
The patient’s need for visual rehabilitation should be considered as part of the 
physician’s responsibility. 

Talking-book machines are ordinarily most useful as temporary aids, but may 
be valuable permanently for older patients who are limited in adaptability or by 
extreme visual loss. Visual aids should be tried if a patient can count fingers at 
four feet. The ordinary plus lens is the essential, but refinements, such as tele- 
scopic lenses, are useful in some cases. At least two visits to the ophthalmologist 
and four to the optician are necessary to determine the probable usefulness of 
any visual aid. 

If all hope of vision must be abandoned, the patient may learn Braille, either 
for professional use or for pleasure. Because Braille denotes complete blindness, 
the patient should be psychologically adjusted to his condition before it is 
suggested. The same care should be exercised in suggesting a guide dog. 

Adjustment of occupation is usually essential, and here the motivation is 
important. The choice should be carefully related to the patient’s abilities, to 
his age, and to his family responsibilities. It is part of the physician’s responsi- 
bility to help his patient through this period of adjustment to visual handicap. 
Blind people need this kind of sincere consideration. 


Comment: This article is an example of the increasing emphasis on the concept of the 
ophthalmologist as healer, a concept which needs a good deal more careful discussion by 
both medical and nonmedical personnel. It is easy enough to stress the key role of the 
ophthalmologist in the rehabilitation process that ends with the patient’s satisfactory 
adjustment to his blindness, but actually doing so is not so simple. In one of the most 
penetrating discussions on the subject an eminent psychiatrist has said: 

“Blindness may be seen by the doctor as a failure of his own ability, or as a loss of his 
self-esteem, or as an injury to his reputation. It may have important meaning to the doctor 
in relation to his identification or feeling of closeness with the patient, so that the patient’s 
blindness attains such major personal importance for the doctor that it seems as though 
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he himself were losing his sight. This might explain some of the instances which we have 
encountered, in which the doctor did not tell the patient he was blind, but postoperatively 
had the nurse inform the patient of his condition, after which the doctor saw the patient 
only rarely. 

“T feel that in such cases the doctor feels blindness to be such a terrible calamity that 
he cannot bear his own pain in breaking the news to the patient. Yet, as a result of this 
failure, the patient may direct against the doctor all of the hostility and anger that he 
feels toward fate for making him blind” (pp. 22-23). 

Once this critical point of doctor-patient relationship is met and dealt with in a 
forthright manner, the same psychiatrist tells us that a period of severe depression on the 
part of the patient can be expected, indeed is desirable: 

“‘As the newly blinded patient begins to experience emotions again, what he feels, and 
the way he reacts, seems similar in all respects to what is often called a “reactive de- 
pression.”’ We see the usual self-recriminations, feelings of hopelessness, self-pity, lack of 
confidence in meeting problems, suicidal thoughts and psychomotor retardation. The 
patient is then reacting emotionally to his loss. He recognizes the loss of his vision and 
begins a period of mourning for his dead eyes. We all recognize the need for mourning the 
loss of a loved object. This is an apt comparison, for indeed the patient must die as a 
sighted person in order to be reborn as a blind man. The important aspect of this period 
is that it seems to be an imporant and necessary phase in the reorganization process. In 
the cases I have seen, it would seem that the patient needs to experience this depression 
before he can accept the reality of his blindness. Thus, it is not a poor prognostic sign 
nor should efforts be made to prevent or abort it.” 

It is after this state of shock or mourning period subsides that the ophthalmologist’s 
knowledge of ancillary services available to his patient is of great importance. As Dr. 
Pinkerton suggests, the talking book services available to legally blind people can be 
helpful. The selections available through regional libraries are largely recreational and 
inspirational in nature, although there is some reason to believe that at least with children 
they are an effective instrument for educating blind people.? The immiment development 
of multitrack tape machines will eliminate what has often discouraged blind readers using 
talking book machines, that is, the difficulty in handling disks, the cumbersome mailing 
and packing problems, etc. The introduction of tape may well solve many problems of 
handling disks, the cumbersome mailing and packing problems, etc., and, more impor- 
tant, increase the number and kinds of titles made available to users. These develop- 
ments will probably be useful to the recently blinded patient who is seeking to adjust 
to his blindness. 

Dr. Pinkerton notes that the ophthalmologist should consider optical aids for his 
patients, and should particularly be concerned with the patient’s intelligence, age and 
motivation as limiting factors. Certainly the scanty literature on the subject makes this 
clear. Studies by ophthalmologists on the effectiveness of optical aids in bringing up low 
vision to usable visual efficiency began appearing in the 1950’s. Fonda,’ Esbin,‘ and others 
told of the great technical advances made in low-vision aids. The most recent study has 
been made by Dr. Richard Hoover of Baltimore, Maryland.* He reported on the 841 
patients in seven low-vision clinics, with data on type of patient, eye pathology, visual 
acuity, visual need, and success of increasing acuity with visual aids. All patients had 
sought the clinic; median length of blindness was 8 to 20 years; the group was predomi- 
nantly male. Most were able to travel without a companion and listed reading as their 
primary visual need. One group with certain eye conditions seemed to be more amenable 
to improvement of acuity, with an average of 52 per cent of the cases improved. The other 
group average was 36 per cent. For both groups the rate of onset of poor vision was over 
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10 years. This suggests that earlier treatment might have yielded much greater returns. 
Two characteristics of the population of the Hoover report need to be emphasized: (1) 
the patients sought help themselves, and (2) their rate of onset (more than 10 years) 
probably meant that they had made some psychosocial adjustments to their blindness. 
This latter factor has had to be seriously contended with by others: “‘The patient’s motiva- 
tion has been found to be one of the determining factors in his successful use of optical 
aids,” Esbin said in 19574 ‘““Motivation and intelligence are the paramount factors for a 
successful correction,” Fonda said in 1956.* The Veterans Administration Program Guide 
on Blind Rehabilitation says: 

“It is of very great importance in the case of the partially seeing patient to determine 
exactly what he sees and under what conditions. This cannot be truly portrayed by 
ophthalmological measurement alone. Actual experience is also necessary with the patient 
in action. Since all visual difficulties are highly traumatic, a great deal of tact and time 
are required in doing this, and the individual approach to the individual patient is of very 
great importance” (6). 

In the Pine Brook Report, published by the American Foundation for the Blind in 1952, 
the term “‘psycho-visual efficiency” was used for the first time to describe motivational 
factors as well as medical factors that make for efficient use of residual vision.’ 

Dr. Pinkerton mentions Braille and guide dog services as items about which the oph- 
thalmologist should have information. The patient who has accepted his blindness to 
the point of willingness to learn Braille should certainly be referred to local voluntary 
agencies, for the blind, most of whom provide Braille instruction. Radical changes in 
body chemistry such as induced by diabetes often cause deterioration of the tactile sense, 
making the Braille learning difficult or impossible. As to guide dogs, it should be kept in 
mind that according to a recent study only 1 per cent of the blind population can qualify 
for guide dogs and that ‘“‘dog guide users represent a selected part of the population of 
blind persons.® They differ from others favorably on social class level, amount of educa- 
tion, employment status, travel performance and concern for travel’’ (p. 97°). 

Finally, the ophthalmologist will find little guidance from national agencies about the 
number and qualities of local services to which he may refer his patients. He may in 
many cases have to dig out such information where there is no city or metropolitan health 
and welfare council. This may be a burdensome but necessary task. As it has been put: 

“Tt is recognized that an increase in referral activity is conditional not only upon the 
orientation and practice of the ophthalmologist but also upon the extent and quality of 
rehabilitation services in the community. There is no implication that the major burden 
of rehabilitation should fall upon ophthalmologists. Certainly the social agencies and 
nonmedical personnel who serve blind persons are of major importance in rehabilitation. 
Enhancement of the ophthalmological role in rehabilitation will not itself improve the 
situation of blind persons unless there are parallel improvements in the quantity and 
quality of community services. However, the contribution which ophthalmologists can 
make through the significant relationships they have with patients at the crucial period 
when blindness becomes known, and the influence they can wield in the improvement of 
community services, merit attention” (pp. 62-63%). 

Dr. Cholden has put the same thought in the more familiar doctor-patient relationship: 

“The ophthalmologist has a most distasteful task to perform informing the patient of 
blindness. None of us likes to be the bearer of bad news, and to have to tell a person that 
he is blind, that there is no chance he will see again, is almost like condemning him to a 
sort of living death. At any rate, that is how we sighted people are apt to regard blind- 
ness—as a return to the black limbo out of which we came. 

This concept of blindness as death, while overly grim is not altogether inappropriate, 
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for the patient must indeed “die.” He must die as a sighted person, and be reborn as a 
blind person. He must learn to live all over again in a new kind of world, and with a new 
set of sensory instruments. In other words, he must learn to accept his blindness as a 
condition of his life, as he accepts the relative weakness of his left hand and the air that 
he breathes. Otherwise, he will be unable to wholeheartedly enter into the re-educational 
activities that can restore him to a satisfying and productive life. As the person who has 
the responsibility of informing the patient of his blindness, the ophthalmologist has the 
unique opportunity of directing his patient toward an acceptance of his blindness, and 
hence to start him on the path toward successful rehabilitation” (p. 18"). 
Dr. Pinkerton has raised some important points that deserve to be considered seriously 

by all ophthalmologists who are really concerned with their role as healers. 

M. D. GraHaM 

Director, Division of Research & Statistics 

American Foundation for the Blind 
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SEPTIC THROMBOSIS OF THE CAVERNOUS SINUS 


Joun P. GALLAGHER 
Washington, D. C. 
M. Ann. District of Columbia, 1960, 29: 278-283 
Septic thrombi of the cavernous sinus following spread of infection from facial 


foci are fatal in 90 per cent of cases unless they are promptly and vigorously 
treated. Two cases are reported: in one the septic thrombi reached the cavernous 
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sinus by anterior route from an infected boil on the face; in the other, the infec- 
tion spread by the posterior route from the maxillary sinus. 

A cavernous sinus lies on each side of the sphenoid bone, and is lined with 
endothelium continuous with that of the veins—as many as 10 on each side— 
which empty into it. The internal carotid artery and cranial nerve VI lie within 
the sinus, and the III, IV, and ophthalmic and maxillary divisions of the V 
nerve lie in its lateral walls. Infection from facial foci are carried by the facial 
vein to the angular vein, which enters the orbit and empties into the ophthalmic 
vein, which in turn communicates directly with the cavernous sinus. Infection 
from foci in the cranial air sinuses, jaw bones, teeth, and tonsils reach the caver- 
nous sinus by way of the ethmoid and pterygoid venous plexuses, which drain 
the inside of the mouth, nasopharynx, and sinuses. Infection may also spread in 
retrograde manner from the middle or inner ear and mastoid bone by way of the 
lateral sinus, spreading to the petrosal and then to the cavernous sinus. 

Infection through the anterior channels leads to obstruction of the veins of 
the eye and pressure on the nerves, resulting in rapid swelling of periocular 
tissues and then to paralysis of the eye movements. The swelling is absent when 
invasion follows the posterior route. 

The initial symptoms is usually a chill, and within a few hours pain appears in 
one eye due to pressure on the ophthalmic nerve. Within 24 hours, swelling is 
marked and proptosis is usual; the conjunctiva becomes injected and edematous. 
Strabismus due to nerve paralysis appears at about the same time, and ptosis of 
the upper lid follows involvement of the oculomotor or sympathetic nerves, or 
both. Retinal veins may be distended. Septic-type fever quickly reaches 103° to 
104° F., with systemic symptoms of sepsis. The patient may die within 24 hours, 
but usually lives to the fourth to seventh day after onset. Meningeal irritation 
and abnormalities of the cerebrospinal fluid are absent or minimal, but in ful- 
minating cases organisms can be recovered from blood cultures. Leukocyte counts 
are high. 

At autopsy of 6 cases, Walsh found necrosis or abscess of the pituitary in all 
cases, and in some also within the orbit. He also observed infection in the soft 
tissues of the orbit and in the lumen of the carotid artery, and local changes in 
the dura mater. Changes in adjacent brain tissue are uncommon. 

Review of the literature show that septic thrombosis of the cavernous sinus 
is uncommon, and that it spreads more often from facial than from other foci. 
The commonest causative organisms is the streptococcus. 

Before the advent of antibiotics the outlook for patients with septic thrombosis 
of the cavernous sinus was extremely poor. Beginning in 1939, recoveries were 
reported following use of sulfonamides, and Shaw in 1952 summarized reports 
from the literature of cases treated with sulfonamides and penicillin, finding a 
mortality rate of about 12 per cent. He also observed that around 64 per cent of 
those who recovered had serious complications during the active stage of their 
disease, including in order of frequency, pulmonary infection, orbital abscess, 
and brain abscess. 
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Comment: From time to time it is useful to have pointed out to us how helpful recent 
advances in anti-infectious therapy have been in ophthalmology. 
Irvine H. LEOPOLD 


RUPTURE OF GALL BLADDER ASSOCIATED WITH STEROID 
THERAPY 


REPORT OF A CASE 
Paut DgeR. Ko.iscu 
Phillipsburg, New Jersey 
J. M. Soc. New Jersey, 1960, 57: 81-83 


It is well known that steroid therapy is sometimes associated with ulceration 
of the upper gastrointestinal tract, and various other adverse effects have also 
been observed. One case has been described with ruptured gall bladder during 
cortisone therapy for rheumatoid arthritis in a patient with a history of acute 
suppurative cholecystitis and cholelithiasis. We are reporting the only case we 
have been able to find of gall bladder rupture associated with leukemia, regard- 
less of treatment. 

A 53-year-old man was admitted because of pneumonia. He was given adreno- 
corticotropic hormone, 40 units twice a day, for 5 weeks. Ten days after initiation 
of treatment, the leukocyte count began to rise and other changes set in which 
together led to a diagnosis of acute lymphatic leukemia. The patient was given 
supportive therapy and antibiotics in addition to the hormones. A month after 
admission severe abdominal pain with some distention suggested ruptured 
viscus, but the condition of the patient did not warrant operation. Treatment 
was changed to antibiotic alone, but the patient died after two more days. 

Autopsy showed a ruptured gall bladder, acute peritonitis, and wide-spread 
leukemic infiltration. The absence of eosinophils in the spleen associated with 
other evidence of steroid therapy in the hemogram were considered characteristic 
of adrenal hyperactivity. The gall bladder showed little evidence of abnormality 
and no calculi were located. Other cases of fulminating cholecystitis without 
stones and leading to rupture have been reported. 

It seems probable that in this case steroid hormones had depressed inflamma- 
tory reactions associated with the pneumonia and had also reduced any conse- 
quent fibroblastic proliferation. Certain cases of ruptured gall bladder during 
pregnancy are suggestive that a stress response may be involved. This case can 
probably be best described as rupture of postinfection cholecystitis, the inflamma- 
tion suppressed by the steroid hormone. 


Comment: Since the ophthalmologist has occasion to employ intensive hormone therapy, 
he can, accordingly, profit from the consideration of this subject in the context of such a 
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case report. This type of therapy has decidedly serious consequences and demands con- 
stant evaluation of both the patient and the dosage, especially because of the initially 
subtle nature of the complications which may develop. This reviewer immediately recalls 
the cases of two arithritic children receiving adrenocorticosteroid therapy with apparent 
success and comfort, during which time a peptic ulcer in one and an appendix in the other 
was in the process of perforation. 

It is necessary to note that the author has incorrectly referred to adrenocorticotropic 
hormone described in the treatment as steroid therapy. Although these terms have specific 
and independent meanings, they are, unfortunately, used interchangeably by many 
physicians. Adrenocorticotropic hormone is a complex protein compound secreted by the 
pituitary gland, while adrenocorticosteroids are relatively less complex structured carbon 
compounds produced by the adrenal gland. 

LEONARD APT 


AMERICAN ACADEMY OF ALLERGY: PRESIDENTIAL ADDRESS 


Francis C. LOWELL 
Boston, Massachusetts 


J. Allergy, 1960, 31: 185-187 


The author has chosen one aspect of the field of allergy for discussion: the 
treatment of pollinosis with injections of allergenic extracts. The reason for this 
choice is that allergists are chiefly identified with injection therapy. The rationale 
for injection therapy is based chiefly on concepts borrowed from immunology 
and on impressions that have not yet been validated by experiments character- 
ized by that type of rigid control which will reasonably exclude a role for chance 
or bias. 

It is hard to assess what would happen to the patient with pollinosis over the 
years if he were to forego injection therapy entirely. Most patients with the 
“pollinosis syndrome” do well under treatment and are grateful for help received. 
Many a success, however, might be explained by a possible happy coincidence: 
the initiation of treatment in a year of less intense exposure to pollen, instruction 
in allergic cleanliness and in the intelligent use of drugs, the allaying of anxiety, 
spontaneous lessening of the patient’s level of clinical sensitivity, and last but 
not least the suggestion that accompanies the ritual of injection therapy. 

Several studies have been done with results favorable to injection therapy, 
but hardly would they withstand the scrutiny of the biostatistician. The value 
of injection therapy is far from settled. It must be kept in mind that the value 
of injection schedules is considered among which the top dosage advocated may 
vary by a factor of 1000. The variables are so numerous that no answer could 
come from any study of manageable size. 

If injection therapy warrants the expense and trouble, then its efficacy should 
become apparent in a suitably designed study all the same; successful studies 
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characterized by rigid experimental control have been carried out in other areas 
of clinical medicine, presenting equally difficult problems. Similar techniques 
can be successfully applied to injection therapy, even though the job may not 
be an easy one. This should be considered a continuing effort over the coming 
years. Since a successful study will require many patients and concerted effort, 
the number of injection schedules studied should be held to a minimum. 

Such an effort will have far-reaching effects, all of which seem to be desirable. 
The art of conducting sound experiments will be acquired; much will be learned 
concerning the natural history of pollinosis, critical faculties will be sharpened; 
greater sophistication in the assessment of data in a complex clinical setting will 
be acquired; and, as a consequence of all this the allergist may be better used. 


Comment: It cannot help but be disturbing to an ophthalmologist to become aware of 
the competent allergist’s appreciation of the great difficulties encountered in evaluating 
injection therapy with allergenic extracts in the well known allergic phenomena of pol- 
linosis. Thousands of patients suffering from a pollinosis syndrome are treated each year 
by injection therapy, yet it is apparent that the studies have not been well controlled. 
The ophthalmologist must therefore realize how difficult it is to evaluate injection therapy 
with bacterial antigens in such diseases as uveitis. 

Irvine H. LEopoip 


STUDIES ON THE OPHTHALMIC USE OF KANAMYCIN 


Masao OIsHI 


Department of Ophthalmology, Niigata University, School of Medicine, Niigata, 
Japan 


Acta med. et Biol. (Niigata), 1959, 7: 161-183 


The First Report: On the Kanamycin Ointment 
The Second Report: On the Eye-Lotion of Kanamycin 


Kanamycin is a broad spectrum antibiotic which was isolated and refined 
from the medium filtrate of Streptomyces kanamyceticus, a strain of Actinomyces, 
by Umezawa et al., the members of the National Institute of Health in 1955. 
Experimental and clinical studies in Japan and the United States have shown it 
be efficacious in a variety of infections, including tuberculosis. Less attention, 
however, has been given to the ocular uses of kanamycin. This paper presents 
two reports, the first dealing with kanamycin ointment and the second, with 
kanamycin eye-lotion, and describes the results obtained by their use in labora- 
tory tests and clinical studies. 

I. Kanamycin ointment. The growth-inhibiting effect of a 1 per cent kanamycin 
white Vaseline ointment on several species of bacilli was determined and com- 
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pared with that of similar ointments containing streptomycin and neomycin. 
The antibacterial spectrums of the kanamycin, streptomycin, and neomycin 
ointments were almost the same, but the antibacterial potency of neomycin 
was less than that of the other two. As between these, kanamycin ointment was 
either superior or inferior to streptomycin ointment according to the species 
being studied. 

Observations were then made of the effects of kanamycin ointment on a few 
diseases of the outer eye. An excellent response was obtained in patients with 
bacterial infections such as pneumococcal conjunctivitis, blepharitis ciliaris 
ulcerosa, and staphylococcal hordeolum. In epidemic keratoconjunctivitis, on 
the other hand, the results were negative. None of the 26 patients treated with 
kanamycin ointment reported any irritation or other unpleasant side effects. 

IT. Kanamycin eye-lotion. In bacteriological experiments, the antibacterial 
power of kanamycin was found to vary in accordance with changes in pH. It was 
greater at pH 7.2 than at 6.7, and greater still when the pH was increased to 
7.6. At pH 7.2, the minimum growth-inhibiting concentrations of kanamycin 
are almost equal to those of streptomycin, while at pH 7.6 they are more or less 
superior. Kanamycin solution is extremely stable and its antibacterial power 
does not decrease for 60 days within a temperature range of 10° to 37° C. 

Tests showed that kanamycin eye-lotion can be prepared with distilled water, 
isotonic sodium chloride solution, or mixed solutions of boric acid and borax at 
pH 7.2 or pH 7.6. None of these caused any irritation when instilled into the 
eyes of 5 rabbits and 5 patients. However, since a 0.5 per cent kanamycin 
solution in a mixture of boric acid and borax proved to have more or less greater 
antibacterial power and optimum pH (7.2), it was used in the clinical tests. 
Instillations of this lotion into the eyes 3 to 4 times a day were highly effective 
against the infection in patients with acute conjunctivitis and chronic dacryo- 
cystitis caused by pneumococcus, subacute conjunctivitis and angular blepharo- 
conjunctivitis caused by Morax-Axenfelt bacillus, and ulcerative blepharitis 
ciliaris caused by staphylococcus. Patients with epidemic keratoconjunctivitis 
and trachoma, however, derived no benefit from this treatment. 

As in the case of the ointment, none of the patients complained of any side 
effects. 


Comment: There is no doubt that kanamycin is an effective antibiotic substance. 
Studies at Wills Hospital have demonstrated that this agent, when given systemically, 
will penetrate into the ocular tissues and fluids. Its antibacterial spectrum is very similar 
to that possessed by neomycin. It would seem advisable to reserve kanamycin for intra- 
ocular infections rather than those involving the extraocular tissues. 

Irvine H. LEopotp 
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GLAUCOMA 
GLAUCOMA SURVEY OF PITTSBURGH AND ENVIRONS 


PITTSBURGH OPHTHALMOLOGICAL SOCIETY 


Raymonp J. Gray 
President, Pittsburgh Opthalmological Society, Pittsburgh, Pennsylvania 
Pennsylvania M. J., 1960, 63: 205-208 


The mass glaucoma screening program was conducted in Allegheny County 
under the aegis of the Prevention of Blindness Department of the Pittsburgh 
Branch, Pennsylvania Association for the Blind with the participation of the 24 
hospitals and 80 ophthalmologists in the area. Publicity was concentrated in a 
1-week period, utilizing television, radio and newspaper media. Based on previous 
local experience with free polio shots and chest x-rays, it was anticipated that 
4800 persons would be screened in the three evenings. A total of 21,197 were seen. 

Each hospital worked out its own plan for volunteer help to take visual acuities, 
histories and do recording. When this screening is repeated, it is recommended 
that a training period for volunteers be conducted so that all recording is uniform, 
and in a form that can be given directly to a key punch operator, thus eliminating 
many hours of volunteer work. Before another screening is done all tonometers 
will be calibrated to the same scale, as several hospitals used points of referral 
different from that of the 26 mm. Hg decided upon by the committee, and thus 
created some problems and unnecessarily complicated the referrals. 

Pontocaine or Ophthaine was used as a local anesthetic and no adverse reactions 
were reported. Of the 1198 (499 males and 699 females) suspected of having an 
elevated tension, after a check utilizing detailed tests, 378 (1.8 per cent) were 
proved to have glaucoma in one or both eyes; 319 did not have glaucoma but 286 
of these had other ocular defects. 

A letter was sent to each of 1112 patients with elevated tension and 486 with 
lens changes or fundus findings, with recommendation for further examination 
and follow-up. Seven hundred second letters were sent 3 months later and direct 
contacts are now being made with 360 persons who have not yet reported that 
they have followed the recommendations. 

Consequently the glaucoma suspect needs further explanation to comprehend 
that more thorough examination is necessary and that subsequent treatment may 
be prescribed. In the sizable segment that has no family physician, organized 
planning should rest with the social agency staffed with personnel trained to 
perform this type of service and dedicated to the prevention of blindness. 


Comment: This unusual screening of nearly 21,000 patients resulted in corroboration 
of the figure usually given for the incidence of glaucoma. This would suggest that, for 
the study of the incidence of this condition, adequate screening has been carried out. 
If further screening studies are made they should be planned as educational projects. 
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Arrangements should be made, from the experience of this study, to care for five or six 
times the anticipated number of patients. Glaucoma phobias and attempts by known 
glaucoma patients to corroborate their diagnoses are to be considered in such projects. 
Nevertheless, this paper should be utilized by public health agencies who are interested 
in glaucoma surveys to avoid many of the possible pitfalls in mass screening. 

Sau SuGar 


GLAUCOMA FOLLOWING OCCLUSION OF THE CENTRAL 
RETINAL ARTERY 


Henry P. WaGENER 
Rochester, Minnesota 


Am. J. M. Se., 1960, 240: 253-264 


The characteristic ophthalmoscopic picture of sudden closure of one of the 
arterial vessels supplying the retina is that of ischemic infarction of the area of 
the retina supplied by the closed vessel. At times, hemorrhagic extravasations 
are seen in the infarcted retina. They are usually small and, presumably, result 
from stasis of the venous circulation or from ischemic damage to the walls of the 
capillaries. Such hemorrhages complicate the ophthalmoscopic picture but other- 
wise have no effect on the eye or on its vision. Except in rare cases, the vision of 
the eye remains impaired permanently. However, in the absence of other pre- 
existent disease processes, the opthalmologist ordinarily does not expect the 
patient to have any further trouble with the affected eye. 

Secondary hemorrhagic glaucoma develops within three months of the oc- 
currence of thrombosis of the central retinal vein in a high proportion of cases, 
10 per cent to 20 per cent. While ophthalmologists are familiar with this greatly 
feared complication of occlusion of the central retinal vein, they have paid little 
attention to the possibility that glaucoma might develop as a sequel to otherwise 
uncomplicated occlusion of the central retinal artery. As a result, the observer 
was inclined to attribute this development to a coincidental or secondarily added 
occlusion of the central vein. However, there have been reported by now a number 
of cases sufficiently well documented to establish the entity of glaucoma secondary 
to occlusion of the central retinal artery, though this occurs less frequently than 
secondary to central vein obstruction. 

Acute congestive glaucoma has been observed to follow within several weeks 
primary occlusion of the central retinal artery in previously nonglaucomatous 
eyes, with no symptoms or signs of chronic glaucoma present in the fellow eye. 
The interval between the arterial occlusion and the onset of glaucoma is shorter 
usually than that between occlusion of the central vein and so-called hemorrhagic 
glaucoma. The glaucoma is intractable and resistant to miotics and to surgical 
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measures for reducing the intraocular tension. Enucleation of the eye is necessary 
in most cases for the relief of pain. 

The changes seen microscopically in the anterior segment of the globe which 
seem to be responsible mechanically for the elevation of the intraocular pressure 
are practically identical whether the preceding vessel occlusion has been venous 
or arterial. There must be a common exciting cause for the development of these 
changes. Its nature has not been determined definitely as yet. There is some 
evidence in favor of the possibility that hypoxia of the retina and the consequent 
reactivation of the vasoformative factor (Michaelson, quoted by Wise, A.M.A. 
Arch. Ophth., 1957, 58: 544) may be responsible for the new growth of vessels 
and the formation of fibrovascular membranes on the anterior surface of the iris 
and in the angle of the anterior chamber. If retinal hypoxia is the essential factor 
in its development, then glaucoma should be more apt to occur in the event that 
the entire retina is not infarcted since the presence of living retinal tissue is 
necessary for the continuation of anaerobic metabolism and the production of 
the vasostimulating substance. 

A similar process might readily explain the development of rubeosis iridis 
following retinal arterial obstructions of other types, the only requisite being the 
preservation of sufficient living retinal tissue to provide for the accumulation of 
the vasoformative substance as one of the products of anaerobic metabolism. 


Comment: The increasing frequency of reports concerning secondary glaucoma fol- 
lowing retinal arterial occlusion suggests that this condition is not as uncommon as we 
might have expected. The anterior segment changes are the same as those found in hemor- 
rhagic glaucoma following venous occlusion. Nonetheless, recent clinical and pathological 
observations seem to leave little doubt that the glaucoma following arterial occlusion is a 
specific entity. Dr. Wagener’s review article—with its mention of “toxins,” “metabolites,” 
“toxic products,” “‘vasoformative factor,” “fetal vasostimulating factor’’—adequately 
emphasizes the fact that the mechanism of the formation of the obstructive fibrovascular 
membrane at the filtration angle is still very much a mystery. A question is also raised 
concerning the causal relationship of the fibrovascular angle changes—at least primarily— 
to the glaucoma seen; some observers believe that obstruction to outflow precedes the 
formation of the fibrovascular mesh and peripheral anterior synechias. Tonographic and 
tonometric studies performed soon after retinal artery occlusion should help settle this 
point. 

The treatment of secondary glaucoma following retinal arterial occlusion reflects our 
lack of understanding of its pathogenesis. The poor prognosis, the high proportion of 
enucleations, deserves reemphasis. 

DanteEt I. Weiss 
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EMOTIONAL FACTORS IN PRIMARY GLAUCOMA 


AN EVALUATION OF PsycHOLOGICAL TrEsT DaTa 


Cart N. Zimet AND ALLAN S. BERGER 
New Haven, Connecticut 


Psychosom. Med., 1960, 22: 391-399 


The role of emotional factors in glaucoma has been recognized since the early 
nineteenth century, and it is believed that from 40 to 100 per cent of all eye dis- 
orders involve some emotional difficulties. Various authors have observed that 
patients with glaucoma may have such compulsive traits as over-meticulousness, 
over-conscientiousness, or perfectionism, and that they may tend to be moody, 
anxious, or hypochondriac. Controlled studies are, however, necessary to fully 
understand the psychological problem. Berger and Zimet compared matched 
patients with glaucoma and with other eye disease, and found no specific person- 
ality pattern which was characteristic of glaucoma. Hibbeler, using Minnesota 
Multiphasic Personality Inventory (MMPI) found that two-thirds of 27 patients 
with glaucoma and 5 per cent of controls had personality defects. However, the 
random selection of the patients studied invalidate many of the observations. 
Hibbeler found no typical personality profile, but noted average differences 
between men and women. She also found that glaucoma with high pressure was 
associated with relatively low personality deviation as indicated by the tests. 

The present report describes a controlled psychological study, using 19 patients 
with glaucoma and 16 with other eye abnormalities, the members of the two 
groups being otherwise comparable. The 566-question MMPI test containing 9 
clinical psychiatric diagnostic scales was used first; it was read to those who 
could not handle it easily themselves because of visual limitations. Fifteen pa- 
tients with glaucoma and 19 controls were also given the Draw-a-Person (DAP) 
test. Test results using the MMPI questions with results over 70, indicating 
severe personality disorder, were carefully checked by means of Chi-square sig- 
nificance tests. This method did not disclose any significant difference between 
personality in glaucoma and controls, or between those with marked and minimal 
eye defects. Such variables as age, sex, and color were checked, and did not dis- 
close any differences. 

Using a small sample, ¢ tests did not show special problems in those with glau- 
coma, but did indicate that controls scored higher incidence of hypochondria 
and depression. The most striking observation was that the most severe psy- 
chopathology was associated with minimally impaired eyes. Scores on 10 patients 
with narrow angles and 9 with wide angles did not differ. There were too few 
patients in this group for Chi-square tests to be used, but general observations 
with regard to differences in intraocular pressure support Hibbeler’s findings that 
psychological disturbance appears to be greatest in those with comparatively low 
intraocular pressure. 
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The Draw-a-Figure test could be scored for only eight with maximal eye dis- 
turbance and for 21 with minimal ocular impairment. The scores for the two 
groups were not significantly different, but those with minimal ocular trouble 
had evidence of somewhat greater psychological aberration than those with 
maximal disturbance in the eyes. The controls also had somewhat greater per- 
sonality abnormality than those with glaucoma. A redivision according to visual 
impairment showed no difference in MMPI scores, but comparison of average 
profiles again showed association of minimal visual impairment with maximal 
psychological deviation. These findings, however, represent only a trend, with 
striking individual variations. 

The authors conclude that these two psychological tests do not indicate that 
there is any personality profile characteristic of glaucoma. Average profiles are 
of limited value since individual variations are so striking. The control groups, 
however, show tendencies to hypochondria and depression and hysteria greater 
than similar tendencies among those with glaucoma. Hibbeler found severe per- 
sonality deviations with trends toward the psychotic among patients with 
glaucoma. In some instances we made similar observations, but most often these 
trends were noted among the controls. 

Average MMPI profiles show that those with minimal visual impairment had 
significant deviations in the direction of paranoia, schizophrenia, and hypomania. 
The DAP test results are consistent with the MMPI test results. MMPI scores 
for depression were high in minimally and maximally impaired vision and in con- 
trols. In general, the predominant pattern in all groups was toward hysterical 
depression. 

Finally, results of both tests did not indicate that psychological differences were 
associated with differences in intraocular pressure or with differences in the 
filtration angle. 


Comment: In this article the authors report on the results of their survey-type testing 
of 16 glaucoma patients. Wisely, a series of “controls” was included in the study so that 
glaucoma patients could be compared with nonglaucoma eye patients who had com- 
parable degrees of visual impairment. Both groups of eye patients were tested for their 
over-all manifestations of anxiety, including both the anxiety they may have had before 
visual decrease and the anxiety arising out of it. The test consists of a series of questions 
about themselves which can be answered by “true,” “false,” or “cannot say.” Patients 
receive a score for each items as “hysteria,’”’ “depression,” etc. The test is considered 
to show a good correlation with the clinically diagnosed condition. A projective test, which 
is not linked to clinical psychiatric conditions, was also employed. 

While the authors admit that the sample is small, and that only by “averaging” scores 
do appreciable differences appear, still, three valuable conclusions can be drawn from 
their studies. First, the authors have helped lay to rest the outmoded idea of a “glaucom- 
atous personality.” (Practically nowhere in medicine is the concept of a disease-type 
personality still acceptable.) Second, they have not concurred with other researchers that 
glaucoma patients are nearer to a psychotic break or other mental illness than a group 
of otherwise-afflicted eye patients. In fact, the glaucoma patients were, on the contrary, 
even less disturbed than the controls. And, third, the more severe the glaucoma, the less 
the emotional disturbance showed up (when the scores were separately averaged). 
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We are doubly indebted to the authors for these negative and paradoxical findings. 
The former may be interpreted to indicate that physicians and psychologists alike would 
be missing the point in searching for mental disorder, as we think of it clinically, among 
our patients with glaucomatous eye changes. The latter, the paradoxical finding of least 
emotional disturbance among the most severe glaucomas, demands another investigative 
approach. If these tests can find an inverse relationship, then some other investigation 
should reveal a direct correlation with glaucoma. 

It is the opinion of this reviewer that in addition to psychological testing, future 
researchers will have to include in their study a survey of the patients’ external en- 
vironment, both pre- and postmorbid, for here lie the contributing or precipitating factors. 
Moreover, for an understanding of the internal environment, the mental and emotional 
life of the glaucoma patient (whose poor vision often precludes the use of the Rorschach), 
there is no evading the labor of painstaking and repeated dynamic interviews by those 
trained in this approach. 


Joun K. ErBAavuGH 


IMPRESSION TONOMETRY AND THE EFFECT OF EYE 
VOLUME VARIATION 


CauBert I. Puiuuirs anp Micwaet C. Quick 
Bristol, England 
Brit. J. Ophth., 1960, 44: 149-163 


It is agreed that the amount of indentation of an eye by a given load in indenta- 
tion tonometry depends on the initial pressure within the eye and on the elasticity 
of the cornea and sclera. This paper is designed to evaluate the additional effect 
of volume variations on measurements made by tonometry. 

Since experience shows that changes in volume affect the size, but not the 
shape, of elastic forms, we selected two sizes of thin-walled rubber balls for our 
experiments as substantially representing the eye for our purposes. As we do 
not know what support is supplied to the eyeball by surrounding tissues in the 
orbit, this factor has not been considered. Preliminary studies showed that the 
elasticity of the rubber and the sclera were closely similar. 

In the rubber sphere used for study, uniform internal pressure and skin tension 
were in stable equilibrium. Mathematica! analysis indicated that additional skin 
tension would follow in a regular manner any increase in internal volume within 
the sphere. This mathematical conclusion was then corroborated by monometric 
determinations of the volume and skin tension following changes in the volume 
of the sphere induced by adding water. 

It has been assumed that changes in volume due to small local indentation of 
the surface of the eye will result in much the same pressure-to-volume relationship 
as occurred in the experiments just described. Manometric determinations of 
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increments of pressure and volume following changes in indentation corroborated 
this view and established corresponding values between indentation and volume 
changes. 

Plotting logarithms of indentation and volume showed a clear linear logarith- 
mic relationship between these two factors. It is not entirely exact because it does 
not take into consideration differences in the thickness and elasticity of the 
sclera in different eyes. 

Applying these principles to clinical problems, it seems probable that indenta- 
tion tonometry applied in an identical manner to a large and a small eye with the 
same pressure would give a lower reading for the large than for the small eye. 
It is also probable that some variations in readings which have been attributed to 
variations in scleral elasticity are actually caused by variations in the volumes of 
the eyes. 

Since myopia is presumably axial, the myopic eye is almost certainly larger 
than normal and therefore indentation tonometric readings tend to be erroneously 
low. Because of the flat cornea, higher readings are obtained by applanation tonom- 
etry. While low scleral rigidity has been blamed for this occurrence, the relatively 
small changes in volume in applanation tonometry undoubtedly are significant. 
Changes in pressure will also be less evident in large than in small eyes. However, 
a large intraocular pressure should not be necessarily equated with myopia. 

In applanation tonometry, part of the eye is flattened by a plate. For this 
reason, the rise in pressure is likely to be lower as read by this method than when 
it is read by the indentation tonometer, if the indentation is shallow and skin 
tension a small component. Applanation tonometry will therefore largely elimi- 
nate the variations in indentation tonometry readings when these are caused by 
variations in eye volume or scleral rigidity. 

It might be argued that pressure applied over the anterior chamber would 
not be immediately transmitted to the posterior chamber, with the result that 
readings might be erroneously high. 

In measuring pressure in children’s eyes, it should be remembered that (1) 
with increase in the size of the eye as the child grows, tension measurements may 
fall though pressure is unchanged; (2) the larger eye accommodates pressure 
changes better than the small eye. 

Most provocation tests are based on the assumption that the size of the eyeball 
does not affect these tests. Current modifications of calibration charts for use with 
indentation tonometers do not take into consideration differences in intraocular 
volume, corneal curvature, scleral rigidity, or intracameral volume. Variations 
in scleral rigidity are probably less important than has been thought. 


Comment: In this paper the authors set out to investigate the influence of ocular volume 
on the technique of indentation tonometry. Their experiments on hollow water filled 
rubber spherical balloons have confirmed previous observations that a change in volume 
produced either by indentation or by other methods will cause a change in pressure which 
is inversely related to the initial volume. The application of these results to the eye is 
discussed and the authors point out that the problem is complicated by the thickness of 
the walls and possible blood volume change in the eye. Application of the results on the 
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simple spheres to the eye suggest that an eye with an equivalent radius of 14 mm. compared 
to a normal radius of 12 mm. would give an indentation approximately 50 per cent above 
normal. In discussing their results, the authors also bring out the interesting possibility 
that apparent variations in scleral rigidity might be due to ocular volume variations 
rather than to changes in ocular elasticity. 

The clinical importance of these results must await further studies on the relationship 
between volume and pressure changes in the eye. Our present tonometric calibration 
scales are based principally on the studies of Friedenwald (Am. J. Ophth., 1937, 20: 985) 
who derived the simple but very valuable empirical relationship between volume and 
pressure changes in an average eye. Friedenwald recognized clearly the importance of 
ocular volume in this problem and pointed out that the coefficient of rigidity in normal 
eyes is inversely proportional to the volume of the eye. Thus, it must always be under- 
stood that the coefficient of scleral rigidity takes into account more than one variable. 

Maurice LANGHAM 





RETINA 
ACUTE RETINAL VASCULAR PROLIFERATION 


Joun A. CHIVERS 
Dartford and Orpington Hospital Groups, Kent, England 
Brit. J. Ophth.. 1960, 44: 179-184 


Under its usual title retinitis proliferans this condition was stated to depend 
essentially on two factors: the presence of a hemorrhage on the inner aspect of 
the retina and a sufficient degree of irritation to stimulate a fibrous reaction. 

The etiology is divided into three main groups: 

1. Trauma. 

2. Chronic infective condition, e.g., syphilis, tubercle, etc. 

3. Chronic vascular disease which has a toxic basis, e.g., arteriosclerosis, 
nephritis, and diabetes. 

Fortunately, a hemorrhage in the eye will, in the great majority of cases, 
absorb without leaving a trace, while some hemorrhages which do not absorb 
but remain fluid and tend to form a blood cyst can be treated with diathermy 
and drainage. The most dangerous possibility is that it becomes invaded by 
vascular granulation tissues which helps rapid absorption but leaves a connective 
tissue scar. A retinal hemorrhage may occur near the disk or near the periphery, 
breaking the internal limiting membrane and detaching the vitreous. Some of 
the blood will pass into the substance of the vitreous. Fibrin will then be deposited 
on the adjacent surfaces and vascularization will occur. This may produce 
further hemorrhages from the new weak-walled vessels, more fibrin, irritation, 
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and thicker bands. Their contraction may cause detachment of the retina with 
further loss of vision until blindness and perhaps secondary glaucoma supervene. 

These events usually occur rather slowly, but occasionally the sequence may 
be extremely rapid, in spite of prompt treatment of the primary cause, as shown 
in the case presented here. 

A girl aged 16 years came to the out-patient clinic on August 11, 1958, with a 
history of some blurring of vision, dating 2 weeks back in the left eye and a few 
days less in the right eye. There were no other complaints. On examination, 
blood was found to be present in the vitreous of each eye giving a general foggy 
appearance to the whole fundus with peripheral hemorrhages and exudate in 
the 10 o’clock meridian of the right eye, and in the 1 o’clock meridian of the 
left eye. 

Immediate treatment was complete rest in bed with administration of Rau- 
wiloid and Inversine. An intravenous pyelogram showed the right kidney ex- 
creating well, but the left kidney obscured. On further examination the pelvis 
and calyces on the left side appeared to be underdeveloped. On August 25, 1958, 
the blood urea was 26 mg. per cent and Hb 88 per cent. On August 26, a left 
nephrectomy was undertaken; operation and immediate convalescence were 
uneventful. After the nephrectomy hypotensive drugs were stopped; Furandantin 
was stopped on September 10, 1958, when the urine was normal. The blood 
pressure was 130/88 by September 21, at which level it remained approximately 
stabilized. In spite of this, new hemorrhages continued to appear in all the 
segments of each fundus and new vessels appeared in the substance of the 
vitreous. Prednisolone tablets 10 mg. three times daily were commenced on 
October 6 but the vascular proliferation continued relentlessly. 

She continued prednisolone until mid-February, 1959. The visual acuity 
decreased gradually and the peripheral fields were lost owing to retinal detach- 
ment. The case reported is a nondiabetic and when first examined she showed 
retinitis proliferans and proteinuria with a normal A/G ratio. Four months after 
the proteinuria had been eliminated chemical analysis of the serum and paper 
electrophoresis showed no abnormality. Finally, a course of subconjunctival 
hydrocortisone 25 mg. monthly was decided upon, according to Elliot (Tr. Am. 
Ophth. Soc., 1958, 56: 383). 


Comment: Such malignant course of rapid neovascularization of retina and vitreous is 
fortunately the exception rather than the rule. If the presence of hemorrhage in the 
vitreous is the primary inciting factor in such a case, as suggested by the author, early 
therapy with Streptokinease-streptodornase might accelerate the normal recovery process 
and allow a greater penetration of systemic medication, in this case steroids, thus breaking 
up the viscious circle of hemorrhage, neovascularisation and fibrosis. 


BertHa KiiEN 
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RETINITIS PIGMENTOSA, HYPERTENSION, AND 
URAEMIA IN WARNER’S SYNDROME 


Report oF A CASE WITH Necropsy FInpDINGsS 


A. VALERO 
Jerusalem, Israel 
AND 
B. GELLEI 
Haifa, Israel 


Brit. M. J., 1960, 2: 351-354 


Since Werner’s first report in 1904, followed by Oppenheimer and Kugels’ 
fuller definition in 1934, 62 cases of Werner’s syndrome have been recorded, two 
reports including autopsy findings. On the basis of this literature, Werner’s 
syndrome is characterized by the following: (1) short, stocky trunk with long 
slender extremities; (2) early senility, with appearance in the third to fourth 
decades of juvenile cataracts, gray hair, baldness, and arteriosclerosis; (3) skin 
changes such as atrophy of the skin and subcutaneous tissues, circumscribed 
hyperkeratosis, trophic ulcers of the legs and ankles, and beaked nose; (4) endo- 
crine disturbance such as tendency to diabetes mellitus, hypogonadism, dysfunc- 
tion of the thyroid gland, or osteoporesis. However, since only one of these 
manifestations may be noticeable, the syndrome may be mistakenly diagnosed 
with consideration of the single symptom only. 

The authors present a patient whose history from the age of 18 or 19 suggested 
Werner’s syndrome, but whose symptoms on admission were those of uremia and 
hypertension. Postmortem examination showed bilateral contraction of kidney 
vessels, with occlusion of the right renal artery and development of collateral 
circulation. 

On the basis of this and two previous autopsies, Werner’s syndrome is not 
associated with any characteristic glandular deficiency, though diabetes and 
hypogonadism are quite frequently reported in clinical diagnoses. Our case, 
added to others in the literature, indicates an incidence of malignant tumor in 
11.1 per cent of cases. The associated retinitis pigmentosa is primarily a de- 
generative condition of the neuro-epithelium of the retina and is always accom- 
panied by cataracts. It is widely considered to be a hereditary degenerative 
disease characterized by premature senility. These observations suggest that the 
basis of Werner’s syndrome is premature familial senility rather than endocrine 
disturbance. 


Comment: This interesting case report adds another condition to keep in mind when 
confronted by retinitis pigmentosa. Since only one manifestation of Werner’s syndrome 
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may be prominent in the clinical picture it is possible that its association with primary 
degeneration of the neuroepithelium may be more common than the two existing reports 
in the literature would suggest. 

BeRTHA KLIEN 


TOTAL BLINDNESS FROM TEMPORAL ARTERITIS 


Hueco RYAN 
St. Vincent’s Hospital, Melbourne, Australia 
M. J. Australia, 1960, 1: 978-979 


Temporal arteritis since it was first reported by Hutchinson in 1890 has 
tended to be regarded as a bizarre and often irritating condition, but without 
severe complications. This is not so, and the following case is reported to illustrate 
the disastrous sequelae which may occur from complications of this disease. 

Clinical Record. Mrs. A., aged 68 years, was admitted to St. Vincent’s Hospital, 
Melbourne, complaining of complete blindness in the left eye of 2 weeks’ duration. 
She said that she had been well until 3 months previously, when she had de- 
veloped pains in the lower limbs. One month later she developed severe pains in 
the back between the shoulder blades and around the chest. She described the 
pain as agonizing. The pains lasted 3 to 4 weeks and gradually subsided. Six 
weeks before her admission to the hospital she had developed similar pains in the 
throat and the lower part of the chest. This pain lasted for 2 weeks and was 
followed shortly afterward by severe pains all over the face and chest. This pain 
radiated to the head. At this time she developed extremely tender patches on 
the head and face. These patches were mainly around the temples and there was 
a small raised patch on the scalp near the vertex. She said at this time “veins” 
of the head were hard and raised and sore to the touch. Three weeks before her 
admission to the hospital the right eye became suddenly blind; a few weeks later 
the vision of the left eye began to fail, and that eye was also blind 3 days later. 
The pain had subsided about 1 week before her admission to the hospital. The 
patient said that at the onset of her trouble she had painful cramps in her calf 
muscles and in the muscles of her feet. She had suffered from asthma in middle 
life. There was no history of recent ingestion of drugs. 

On examination, the patient was seen to be an elderly woman with a low 
grade pyrexia, which persisted during her stay in the hospital. Ophthalmoscopic 
examination showed the blood vessels to be very narrow, and the optic disks 
indefinite and yellow. The retinal veins were sheathed in white and irregularly 
constructed. Both superficial temporal arteries were pulsatile below the zygo- 
matic arch, but above this they were palpable as cords and were not pulsating. 
They were not tender. The patient nad a small tender patch 2 cm. in diameter 
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over the right parietal eminence. Her blood pressure was 160/100 mm. of mer- 
cury. The dorsalis pedis pulse was only barely perceptible in the right leg, but 
strong in the left. Both posterior tibial pulses could be felt. 

A biopsy of the temporal arteries was done. The changes in both temporal 
arteries were typical of giant-cell arteritis. They were most marked in the left 
vessel. In the media and especially in its deeper part there was a patchy necrosis, 
infiltration with plasma cells and lymphocytes. Accumulation of macrophages 
and foreign body giant cells were seen. There was fragmentation of the internal 
elastic lamina. On the right side the changes appeared to be of longer duration 
as the more acute features described above were less prominent but there was 
dense fibrosis throughout the vessel wall. Both vessels had a narrow lumen. 
That on the left was obstructed by a fairly recent thrombus which is being 
organized while that on the right is occluded by dense fibrous tissue traversed 
by narrow channels as if recanalization of thrombus has occurred. A small vein 
was seen with the vessel on the right but it showed none of the inflammatory 
changes which were present in the artery. 

The cerebrospinal fluid was normal. The response to the Kline test was nega- 
tive. X-ray examination of the skull revealed calcification in the wall of the 
internal carotid artery. A full blood examination revealed only mild anemia. 

The patient was treated with cortisone for 2 weeks without improvement and 
she was discharged from the hospital on January 31, 1957, with no perception 
of light in either eye. She was examined 1 month later in the outpatient depart- 
ment; there was no evidence of activity of the disease, but there was no percep- 
tion of light in either eye. 

The etiology of the condition is at present unknown; consequently treatment 
is unsatisfactory. Cortisone appears to be of value in relieving the pain and the 
symptoms, and the anticoagulants, if used early, may be of value in preventing 
thrombosis. The present patient was seen too late for any of these measures to 
be of much avail. 


Comment: This case is of interest because of the unusually extensive systemic involve- 
ment accompanying temporal arteritis. Symptoms referable to vascular lesions in various 
parts of the body were present already 3 months before ocular symptoms occurred, and 
the disastrous outcome resulting in bilateral blindness might have been prevented had the 
patient sought medical attention earlier. 


Bertua Kien 
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ASPECTS ENDOCRINIENS DES HEMORRAGIES 
RECIDIVANTES DE LA RETINE 


ENDOCRINE ASPECTS OF RELAPSING HEMORRHAGES 
OF THE RETINA 


A. D. HerscHBERG 
Fondation A. de Rothschild, Paris, France 
Ann. endocrinol., 1960, 21: 96-102 


To test the various hypotheses advanced concerning the etiology of relapsing 
hemorrhages, a systematic endocrine study was made on 33 patients (26 males 
and 7 females) with this disorder seen by the author since 1950. Simultaneous 
studies were made of the urinary androgens and estrogens, basal metabolism 
and the curve of the provoked hyperglycemia. In some subjects doses of F.S.H. 
and of 17-hydroxycorticoketosteroids were also used. For the female subjects 
studies of pregnandiol, vaginal smears and biopsy sections of endometrium were 
also included. For the androgens, the customary dosage of 17-ketosteroids was 
used; for the estrogens, the method of Jayle and Crepy (Bull. Soc. chim. biol., 
1950, 32: 1067), after deduction of the chromogens by Allen’s method (J. Clin. 
Endocrinol., 1950, 10: 7) was utilized. 

Of the 26 male patients 24 showed an increase in the estrogen-androgen ratio, 
varying between 3 and 32.6, with mean of 8.06. The exact nature of the estrogen 
in excess was not studied by chromatography. There was nothing in the morpho- 
logical aspect or physiological behavior of these patients to lead to suspicion of 
this endocrine imbalance, except in one who was a eunuch. Normal values were 
obtained in the 6 in whom the dosages of 17-hydroxycorticoids were studied. In 
all cases the basal metabolism was in the normal physiological range (in these 
cases —10 + 15 per cent). Overt abnormality of the hyperglycemia curve was 
observed in only one case. The urinary F.S.H. dosages gave practically normal 
results; they were always below 20 8.U. within 24 hours (5 cases). 

The 7 female subjects, who had relapsing retinal hemorrhages during the 
premenstrual phase, all showed an excess of urinary estrogens. The 17-ketosteroid 
values appeared to be within normal limits and the doses of urinary pregnandiol 
furnished physiological values except in two cases. In one of these exceptions, 
there was a decrease in lutein activity and in the other an absence of corpus 
luteum. 

The men were treated by repeated implantations of 600 mg. of testosterone 
and then, after their appearance, by androgen lag, with a dose of 200 to 300 
mg. per month. Twenty-one have not had recurrences, 3 were lost from the 
study, and 3 had relapses. The 3 with relapses included the 2 who had shown a 
normal estrogen-androgen ratio; the third has had one relapse (after 3 months 
of treatment) during 8 years of observation. He also was the only one who had 
had an elevated curve of hyperglycemia. 
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In the cases of the women, the testosterone was first implanted in doses of 200 
mg., then by intramuscular injection, and finally was replaced by 200,000 units 
of vitamin A daily over the last days of the menstrual cycle. None of these 
patients manifested relapses of the retinal hemorrhages. 


Comment: While the concept of endocrine dysfunction as an etiologic factor in so-called 
Eale’s disease is not completely new—the ovaries, the thyroid, the pituitary were all 
considered at one time or another important in its pathogenesis—no successful therapeutic 
attempts on a larger group of patients based upon this concept were ever reported. 

With the paucity of therapeutic approaches in this only too common ailment of the 
young, it could be rewarding to investigate the endocrine angle again along the lines 
proposed by this author, especially in those patients in whom an inflammatory survey 
yielded no clues. 

BertHa KilEN 


RETINAL VASCULAR REACTIVITY IN PATIENTS WITH 
DIABETES MELLITUS AND WITH ATHEROSCLEROSIS 


J. B. Hickam 
Indiana University School of Medicine, Indianapolis, Indiana 


AND 


H. O. S1EKER 
Duke University School of Medicine, Durham, North Carolina 


School of Aviation Medicine, USAF Aerospace Medical Center (ATC) Brooks 
Air Force Base, Texas, February, 1960 

Using fundus photography, a comparative study has been made of the con- 
strictor response of retinal vessels to the inhalation of oxygen in 47 control sub- 
jects, 50 diabetics, and 15 persons with atherosclerosis unassociated with hyper- 
tension or diabetes. 

The diabetics as a group showed decreased reactivity of both arteries and veins, 
as indicated by a decreased constrictor response to oxygen. Retinal arterial reac- 
tivity was significantly reduced in diabetics, even in the absence of retinopathy 
or hypertension. With the appearance of retinopathy, arterial reactivity was 
still further reduced. 

The patients with uncomplicated atherosclerosis did not show significant 
changes in retinal vascular reactivity. 


Comment: This is a most interesting study for it points out differences between normal 
patients and those with diabetes. Furthermore, those diabetics with retinopathy showed 
greater deviation from normal than did those without retinopathy. Atherosclerosis 
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TABLE 1 

Retinal Vascular Reactivity to Breathing 100 Per Cent Oxygen in Control and Diabetic Subjects 

Retinal Vascular Reactivity* 

Subjects Number 

Arteries Veins 
Control (Age range: 13-76 yr.)........... 47 11.3 +4.3f | 14.5 + 5.8 
All diabetics (Age range: 16-76 yr.)....... 50 5.7 + 4.6} 10.8 + 5.8f 
Normotensive diabetics................... 35 6.3 + 4.8f 11.9 + 5.4} 
Normotensive diabetics without reti- 

nopathy.... stable Sredea cand ala caer ae 20 8.2 + 4.7} 12.8 + 5.3 

Normotensive diabetics with retinopathy . . 15 3.8 + 3.8} 10.8 + 5.5f 
Hypertensive diabetics.................. 15 4.1 + 4.3} 8.3 + 6.8} 





* Expressed as per cent decrease in vessel diameter after breathing oxygen for 5 
minutes. 

t Means and standard deviations. 

t Significantly different from the control group. 


without diabetes responded in normal fashion to oxygen, in accordance with the differences 
between atherosclerosis and the vascular complications of diabetes. 

The work reported needs confirmation. The difference between an 11 per cent decrease 
in vessel diameter and a 4 per cent decrease seems rather small but becomes significant 
when enough patients are studied. Statistical differences are demonstrated in the present 
paper, and it is hoped that these can be confirmed by other groups. 

BERNARD BECKER 


RETINAL DETACHMENT 


EDITORIAL 


J. A. M. A., 1960, 173: 149-150 


Although the ophthalmologist plays the leading role in the treatment of retinal 
detachment, the family physician may have to make important decisions. He may 
have to decide whether an elderly patient can endure long general anesthesia and 
confinement to bed with a minimum of movement. He may have to evaluate the 
emotional reserve in a patient already apprehensive and depressed by sudden 
blindness. He may have to participate in long-term postoperative care. He will be 
better able to cooperate if he has a general idea of the complex problems involved. 
Robert Fink’s! recent explanation provides a brief synopsis of the pathogenesis 
and current treatment. About 50 per cent of all detachments occur in nearsighted 
people; another 20 per cent develop within three years after cataract extraction, 
not as a result of poor surgical technique or complications but because the changes 
in the lens are part of a dystrophic eye condition. Clinically, 10 per cent of detach- 
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ments result from trauma. Although children who have congenital retinal weak- 
ness may be victims, detachments occur usually in the 50-to-60-year age group. 

An important etiological factor is the vitreous which fills the cavity of the eye. 
The vitreous, a viscous fluid, contains collagen fibrils which are attached to the 
retina. Pathological changes in the vitreous, which may develop for various rea- 
sons, cause it to shrink in size, and its elastic collagen fibrils then put tension on 
the delicate sensory portions of the retina. Thus, tears may occur in spots that 
have been weakened by inflammation, trauma, or other causes. Serous fluid seeps 
through the holes, and the normal movements of the eye force the fluid behind 
the retina, ballooning it forward. 

This tugging on the retina by the shrunken vitreous brings on the patient’s ini- 
tial complaint, that of flashing lights. Next he may observe floating black specks 
caused by small clumps of blood in the vitreous. Shortly, he may notice a ‘‘cur- 
tain’’ across his vision, which indicates that the retina has detached. The patient 
should be put to bed to see if the fluid beneath the retina will be absorbed and to 
permit the retina to settle back against the choroid. If the detachment is rela- 
tively small, with no evidence of vitreous traction, and if the retina settles back 
during bed rest, diathermy alone may be sufficient treatment. 

The ophthalmologist must search for all tears in the retina and seal them off. 
However, if there is evidence of a strong vitreous pull, diathermy alone will not 
suffice, and more complex surgery such as scleral resection, a scleral-buckling op- 
eration, or a vitreous implant may be considered. The later methods of handling 
the more severe detachments are said to have increased the chances of success, 
but nearly one-fourth of all operations for detachment still end in failure. 

The postoperative period is trying for the specialist and the patient. Intraocu- 
lar hemorrhage, infection, and further retinal shrinking sometimes occur. The 
family physician too must be on the alert for possible systemic complications. 


REFERENCE 
1. Fink, R.: Retinal detachment. Lancet, 80: 180-183, 1960. 


Comment: This editorial was taken from the Lancet, and it is always interesting to see 
comments such as this in a nonspecialized medical journal. Whereas most physicians 
realize the seriousness of a fractured hip, few realize the significance of a retinal detach- 
ment, yet in both categories a large percentage of the patients are in the fifth or sixth 
decade of life. They present the same difficulties in the management of their medical 
problems. Fortunately with the newer concepts in the surgical treatment the period of 
enforced immobility is shortened, which, in turn reduces the incidence of postoperative 
complications. One should not suggest to these patients that one eye is as good as two, 
anymore than one might suggest they walk on one leg. Retinal detachments are bilateral 
in at least 25 per cent of patients. Operation should be undertaken unless it endangers 
the life of the patient, or the eye is in such poor shape that the prognosis is very poor. 
P. Ross McDonatp 
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RETINOPATHY AND NEPHROPATHY IN DIABETES MELLITUS 
COMPARISON OF THE EFFEcTs OF Two Forms oF TREATMENT 


SvEN JOHNSSON 
Department of Medicine, University of Lund, Allménna Sjukhuset, Malmé, Sweden 


Diabetes, 1960, 9: 1-8 


The present investigation was prompted by the observation that some patients 
who had had diabetes for more than 25 years showed at most slight late compli- 
cations. It was therefore considered worthwhile to review all diabetics in Malmé 
in whom the disease had been diagnosed between the years 1922 and 1935 and 
who were less than 40 years of age at onset of the disease (71 patients, Series I), 
and those in whom the disease was discovered between 1936 and 1945 (115 pa- 
tients, Series II) for the occurrence of nephropathy and retinopathy. After elimi- 
nation of those patients who died before they had had diabetes long enough to 
develop late complications, there remained 54 and 105 patients, respectively. The 
early group had been on a strictly regulated diet in the beginning of their dia- 
betes. During the latter part of the 1930’s, a more liberal diet was allowed and 
soon afterward the so-called free diet became the rule. 

The frequency of nephropathy in Series I was significantly lower even though 
the patients had had diabetes for 8.5 years longer than those in Series IT. No sig- 
nificant difference was found in the frequency of retinopathy (difference in dura- 
tion of 10.5 years), while severe retinopathy and severe impairment of vision were 
significantly more common in Series II, despite the average shorter duration of 
diabetes in that group. 

During an average period corresponding to 10 per cent of the diabetes period 
the patients of Series I received only one daily injection of insulin as against 45 
per cent in Series II. Both the frequency of insulin coma and of insulin reactions 
were significantly higher in Series I. Body weight at the time of the review was 
significantly lower in Series I. The diet and the insulin treatment strongly suggest 
that the hyperglycemia was less in Series I. It may be concluded that careful con- 
trol of the diabetes delays the development of nephropathy and retinopathy. 

Of the 8 patients in Series I who had insulin coma on more than 20 occasions, 
four had normal ocular fundi and the remainder only a few microaneurysms. 
These observations suggest that frequent insulin coma does not favor retinopathy 
or nephropathy. 

The results of the present study support the increasingly common opinion that 
good control of diabetes delays the development of late diabetic manifestations. 
Possibly it is not the hyperglycemia per se that is responsible for the late compli- 
cations of diabetes, but a hypothetical unknown responsible factor or factors 
which appears to run parallel with the degree of hyperglycemia. As long as the 
etiological factor remains unknown, it is much more important than hitherto sup- 
posed by patients and doctors to try to control carbohydrate metabolism as care- 
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fully as possible. This concerns especially juvenile diabetes. It is surely important 
that young diabetics receive intense insulin treatment as soon as possible. The 
calorie intake should be sufficient to permit normal growth and development of 
children, but after puberty, body weight should be kept somewhat below normal. 
In patients with severe diabetes, good control with two daily injections of insulin 
is preferable to the less well-controlled diabetes which is the rule when only one 
injection daily is given, no matter whether Protamine zinc, NPH or Lente insulin 
is used. 


Comment: This paper provides additional evidence that rigid control of diabetes may 
be a major factor in the prevention of retinopathy. Unfortunately the study compares 
two different time periods. Since diabetic retinopathy is increasing in all clinics at the 
present time, this may account in part for the greater retinopathy found in the second 
(less rigidly controlled) series. One must correct for this increase in order to evaluate the 
role of rigid diet versus free diet in the occurrence of retinopathy. Incidentally the author 
finds no significant difference in prevalence of diabetic retinopathy in the two groups, but 
merely more severe retinopathy in the group with less rigid control and a free diet. Here 
again it is unfortunate that there were more deaths from Kimmelstiel-Wilson disease in 
the earlier group (rigid control) and since all of these must have had retinopathy, they 
distort the data. One may reasonably ask whether control and a rigid diet are major 
factors in the pathogenesis of only the hemorrhagic and proliferative phases of diabetic 
retinopathy rather than the initial capillary aneurysm stages. 

It would seem to this reviewer that the causative role of the lack of control remains 
an open question. Furthermore as has been pointed out by a number of authors, one 
cannot unravel cause and effect. Poor control may be a consequence rather than a cause 
of some underlying factor in those patients developing diabetic retinopathy. The ophthal- 
mologist seeing an increasing number of patients with diabetic retinopathy even before 
there is overt evidence of glycosuria cannot help but maintain an attitude of skepticism 
about the role of control. 

BERNARD BECKER 


RETINAL CAPILLARY MICROANEURYSMS 
A Concept oF PATHOGENESIS 


CHARLES H. Pops, Jr. 
Department of Pathology, Washington University, St. Louis, Missouri 
Diabetes, 1960, 9: 9-14 


The capillary microaneurysm is considered one of the earliest pathognomonic 
lesions if not the initiating event of diabetic retinopathy. Presented here is a con- 
cept of the pathogenesis of microaneurysms based on a post-mortem study em- 
ploying routine stains on the eyes of four diabetic subjects. 
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In these retinas, abnormal deposits of stained fat within the walls of capillaries 
and aneurysms were a prominent feature. Spaces between the layers of the PAS- 
positive basement membrane in the aneurysmal walls were abnormally widened 
and here stainable lipid was often present. In advanced stages with advent of 
hyalinization, these spaces tended to become obliterated forming a dense PAS- 
positive cap. Retinal microaneurysms in diabetic patients are not seen to possess 
surrounding reticulum although in adjacent areas of the capillary it is normal. In 
frozen sections from one diabetic, stained with oil red O, intraluminal fat plugs of 
varying density (‘fat emboli”) were demonstrated in capillaries. In some areas 
deposition of similar lipid may be seen in the endothelial cells. Rarely one sees a 
capillary focally distended to three or four times its normal diameter by lipid 
without aneurysm formation. 

It is assumed that reticulum provides some support for the capillary wall. It is 
absent in walls of aneurysms; the latter are, therefore, at least in one sense her- 
niations of the other elements of the capillary wall through adventitial reticulum. 
Additional support for this hypothesis is offered by the uniform acuteness of the 
angles formed by the wall of the aneurysms with that of the neck. The openings 
of the aneurysms into the capillaries are surrounded by reticulum fibers arranged 
so as to suggest that a portion of the wall had bulged through a gap in the reticu- 
lum network. 

Reasons for localization of these lesions to the retina can only be suggested. 
Perhaps several local factors operate together to produce the necessary absorp- 
tion of fat. Venous stasis or engorgement is a well-known feature of diabetic 
retinopathy. The endovascular pressure within the retina must be somewhat 
higher than elsewhere in the body in order to be greater than intraocular tension. 
Superimposition of this stasis and increased pressure on the hyperlipemic state 
may well cause absorption by endothelial cells, either directly from the serum or 
a fat embolus. Perhaps, in addition, capillaries of the retina must depend almost 
solely on their inherent properties for support, and once this support is lost, an 
aneurysm could develop at this site. 


Comment: This paper presents an extension of the fat embolus hypothesis as a mecha- 
nism for the pathogenesis of the capillary aneurysms of diabetic retinopathy. Most 
interesting is Dr. Pope’s concept that aneurysmal dilation results from a loss of support 
of the network of reticulum covering the capillary wall. On this basis, the capillary aneu- 
rysm is a bulge through a gap in the reticular network. This concept is stimulating but 
still does not distinguish between cause and effect. 


BERNARD BECKER 
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RETINAL BURNS AFTER THE SUN’S ECLIPSE 
LETTER TO THE EDITOR 


James A. F. FLYNN 
Sydney, Australia 
Brit. M. J., 1960, Feb.: 563 


Sir, My wartime work for the Royal Australian Navy! and my research with 
Sir John Eccles, F.R.S., on rabbits? pointed out the unavailability to the public of 
any filter through which the sun could be viewed directly. Thereafter I advocated 
the use of a safe, indirect method of watching an eclipse, based on the principle of 
the pinhole camera. 

Make a hole with a pencil, about 0.3 in. (7.5 mm.) in diameter, in the center of 
a piece of cardboard about one foot (30 cm.) square. Hold or arrange the card- 
board at such an inclination that the sun strikes it at right angles and shines 
through the hole on to a white surface, placed at the same inclination at a dis- 
tance of about 10 ft. (3 m.). The image is about one inch (2.5 cm.) in diameter. 


REFERENCES 


1. Fiynn, J. A. F.: M. J. Australia, 2: 400, 1942. 
2. Eccies, J. C., ano Fiynn, J. A. F.: M. J. Australia, 1: 399, 1944. 


Comment: Every time there occurs a sun’s eclipse there is an epidemic of retinal damage. 
In my childhood we used to make filters to watch an eclipse by holding a piece of window- 
glass over a kerosene lamp. The lampblack gave seemingly quite effective protection. I 
don’t remember at least that any of my schoolmates would have ever reported an ill 
effect. Nowadays there are no kerosene lamps around, and colored glasses apparently 
offer no sufficient protection. Under such circumstances the method suggested in this 
short communication certainly deserves to be widely known and the J.A.M.A., as well as 
ophthalmological magazines should reprint it at a proper time whenever an eclipse of the 
sun is in the offing. 

ARTHUR LINKSZ 
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NEURO-OPHTHALMOLOGY 


SIMULTANEOUS DETERMINATIONS OF RETINAL AND 
CAROTID ARTERY PRESSURES 


CoMPARISON OF PER CENT REDUCTIONS AFTER OCCLUSION 
OF THE ComMON CAROTID ARTERY 


G. T. Trypati, H. T. Dukes, H. B. Cupp, Jr., anp N. J. Davin 


Divisions of Neurosurgery and Neurology, Duke University Medical Center 
and Durham Veterans Administration Hospital, Durham, North Carolina 


Neurology, 1960, 10: 623-626 


Determination of retinal artery pressures by ophthalmodynamometry has 
proved useful in the diagnosis of thrombosis of the internal carotid artery since 
a lower pressure in the eye on the side of the occlusion is usually observed. A 
significant reduction in the ipsilateral retinal artery pressure also occurs after 
ligation of the common or internal carotid arteries; it has been suggested that 
ophthalmodynamometry be used to evaluate the effectiveness of carotid artery 
ligation in reducing the distal intravascular pressure. 

The present study was undertaken to compare the pressure changes in the 
retinal artery with those in the carotid artery distal to the site of occlusion. 
Simultaneous intracarotid and retinal artery pressure recordings were obtained 
and the per cent reductions in each determined after occlusion of the common 
carotid artery. Comparative studies were made in 13 patients during percutaneous 
carotid arteriography and in 2 cases during operative exposure of the carotid 
vessels in the neck. In 2 patients, bilateral studies were done, making a total of 17 
observations. Similar studies were carried out in an additional 2 patients with 
complete thrombosis of the internal carotid artery during arteriography in 1 and 
during operative exposure of the cervical carotid artery in the other. None of the 
patients showed evidence of retinal abnormalities, glaucoma, or increased intra- 
cranial pressure. 

A good correlation between the per cent reductions in simultaneously deter- 
mined retinal artery and intracarotid pressures was obtained in most cases. After 
occlusion of the common carotid artery, the per cent fall in intravascular pressure 
has been shown to be the same in all portions of the internal carotid and its 
accessible branches. Since the ophthalmic artery is a branch of the internal carotid 
artery, it is reasonable to assume that the per cent reduction in intravascular 
pressure in the ophthalmic and internal carotid arteries will be similar after oc- 
clusion of the common carotid artery. 

A close correlation between the per cent reduction in retinal and carotid artery 
pressures was noted in the majority of the patients in the present series. However, 
in a few cases, the difference between the per cent reductions in simultaneously 
determined retinal and carotid pressures was such that the technique of ophthal- 
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TABLE 1 


Per Cent Reduction in Retinal and Distal Carotid Artery Pressures after 
Occlusion of the Common Carotid Artery 





Per Cent Reduction | 




















Case Difference 
| Retinal artery pressure Carotid artery pressure 

1 | 34.7 33.3 1.4 
2 48.2 46.6 1.6 
3 0S 33.0 30.0 3.0 
3 OD 24.3 40.5 16.2 
4 | 59.4 62.6 3.2 
5 | 32.4 29.0 3.4 
6 OD | 19.0 23.0 4.0 
6 OS* 19.3 25 5.7 
7 | 20.7 | 27.1 | 6.4 
8 17.4 | 24.6 7.2 
9 29 | 36.2 7.2 
10 3.3 +5.5 8.8 
11 33 | 22 11 

12* | 19 | 30.8 11.8 
13 | +10.6 6.2 16.8 
14* 8.1 25 16.9 
15 14.3 | 37 23.7 





* Diastolic retinal and carotid pressures only. 


TABLE 2 


Per Cent Reduction in Retinal and Distal Carotid Artery Pressures after 
Occlusion of the Common Carotid Artery in Patients with Complete 
Thrombosis of the Internal Carotid Artery 











Per Cent Reduction 

Case Difference 
Retinal artery pressure Carotidfartery pressure 

1 35 | 60 25 

2 | 39 40 1 








irregular. 





modynamometry could not be reliably used as a quantitative measure of the 
changes in intravascular pressure above the site of carotid occlusion. The reasons 
for the relatively wide difference in some cases between the per cent reduction 
in the 2 measurements are not entirely clear. Undoubtedly the commonly used 
technique of obtaining systolic and diastolic end points in ophthalmodynamometry 
offers a considerable potential source of error, especially if the pulse is slow or 


This factor did not seem to be important since all of the patients were co- 


operative, all had regular cardiac rhythms, and the results were reproducible. 
The differences may be related to anatomic factors. In those patients in whom 





the per cent reduction in retinal artery pressure is significantly less than the 
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simultaneously determined per cent reduction in carotid artery pressure, it is 
possible that a significant per cent of the blood supply is from some source other 
than the ipsilateral internal carotid artery. 

In both cases of complete thrombosis of the internal carotid artery in the 
present series, occlusion produced a further significant drop in the ipsilateral 
retinal artery pressure. In one instance, the per cent fall in the retinal artery 
pressure was equal to the per cent fall in the common carotid artery. This finding 
suggests that the major portion of the blood supply to the retinal artery in this 
case was via the ipsilateral external carotid artery. 

The results indicate that, although in most cases the per cent reductins in the 
two measurements are similar, ophthalmodynamometry alone cannot be relied 
upon to determine the intravascular pressure changes distal to occlusion of the 
carotid artery. 


Comment: Ophthalmodynamometry described by Bailliart in 1917 is becoming an 
increasingly popular diagnostic test for the ophthalmologist. This paper is a worth while 
contribution, and the authors show that ophthalmodynamometry helps evaluate effective- 
ness of carotid artery ligation. In this series, the majority showed a close correlation 
between the percentage reduction in retinal and carotid artery pressures. In a few cases, 
this correlation was not found and the authors correctly conclude that ophthalmody- 
namometry cannot be considered as a reliable quantitative measure of the intravascular 
pressure distal to the carotid ligation. The fact that this test has its limitations should 
not discourage its use as long as the clinician is aware of these pitfalls such as those due 
to anatomical variations and collateral circulation. It would have been of added interest 
if ophthalmodynamometry posture test described by Smith and Cogan had also been 
performed in this series. 

Ricuarp A. EL.is 


NEUROLOGIC ASPECTS OF THE MOBIUS SYNDROME 


A Case Srupy wiTH ELECTROMYOGRAPHY OF THE EXTRAOCULAR 
AND FactaL MvuscLES 


Maurice W. Van ALLEN AND FREDERICK C. BLopDI 


Services of Neurology and Ophthalmology, College of Medicine, State 
University of Iowa, Iowa City 


The unusual syndrome of congenital facial diplegia with restriction of hori- 
zontal eye movements has been described under such headings as congenital 
facial diplegia, oculofacial paralysis, congenital paralysis of the sixth and seventh 
nerves, and nuclear agenesis. Mébius first suggested that congenital bilateral 
abducens-facial paralysis might be an independent pathological entity. 

The Mébius syndrome involves a variable degree of facial paralysis with 
inability to abduct the eyes beyond the midpoint. Partial atrophy of the tongue 
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and other deformities about the face and head are often present. Paralysis of the 
soft palate and muscles of mastication may occur. Absence of pectoral muscles, 
talipes, syndactyly, and other extremital deformities are common. Mental 
deficiency occasionally accompanies the physical defects, but signs related to 
long-fiber tract involvement are seldom seen. The condition is congenital and 
nonprogressive. The paralysis of the face is nearly always bilateral, often asym- 
metric, and tending when incomplete to spare the lower face and platysma. 
Inability to abduct either eye beyond the midpoint is particularly striking since 
conjugate movements in the vertical plane are often normal or nearly so. Con- 
vergence is, as a rule, present to varying degrees, even though adduction may be 
absent or much weaker in lateral gaze. Pupillary responses are normal. Bell’s 
phenomenon is commonly present. Nystagmus is seldom seen, and horizontal 
nystagmus has not been elicited by vestibular stimulation. Ptosis has been noted 
in only a few cases. Vision and the fundi are generally normal, and diplopia is 
not a symptom. 

The present case report is a contribution to the knowledge of the Mdébius 
syndrome because justifiable inferences relating to the nature of the primary 
defect may be drawn from the data provided by a series of examinations, in- 
cluding electromyography of the extraocular muscles. A 26-year-old white male 
was the sixth child and was born when his parents were in their twenties; all 
other children were well. Delivery had been spontaneous after a short labor; he 
had first been seen at the State University of Iowa at the age of 5 weeks. 

The absence of ocular movement in this case was found to be attributable in 
large degree to supranuclear paralysis and in lesser degree to nuclear deficiency. 
Electromyography provided substantial support for this impression gained from 
clinical and surgical findings. Action potentials were found in all muscles tested. 
The activity manifest in the external rectus muscles was quite anomalous and 
similar on the two sides. Once stimulated to activity by needle insertion, the 
external rectus muscle on the right quickly became quiescent, but after several 
probings it displayed a persistent firing of one to three motor units, continuing 
for perhaps a minute. This activity was easily reproducible. The external rectus 
muscle on the left showed a similar response when stimulated by needle move- 
ment, but also soon displayed a continuing activity which spontaneously waxed 
and waned in intensity. This spontaneous activity was frequently punctuated 
by sudden bursts of potentials from motor units firing in relatively large numbers. 
Evidence of extensive deficiency of muscle tissue in the face and suggestive 
evidence of supranuclear paralysis of the residual musculature was obtained by 
electromyography. The failure of this musculature to demonstrate visible con- 
traction on electrical stimulation may be the consequence of entrapment of 
scattered fibers in fibrous tissue. The unique tendency for sparing of the lower 
face in the congenital facial diplegia of this syndrome may be related to a differ- 
ential involvement of the subdivisions of the facial nucleus. 

The characteristic deficits of ocular movement in the Mébius syndrome can 
justifiably be attributed to a lesion of the brain stem. In the present case, as in 
others previously described, ophthalmoplegia was virtually complete and dis- 
associated function of the internal rectus muscles was not demonstrated. The 
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electromyographic findings have been offered as evidence of a central paralysis. 
Variability in extent of supranuclear and nuclear dysplasia could account for the 
difference in signs from one case to another. The important point is that evidence 
of a supranuclear or internuclear lesion clearly implicates the central nervous sys- 
tem as the primary site of disease or malformation in this syndrome insofar as 
paralysis of ocular movement is concerned. 

While in certain instances congenital malformation of muscle or muscular 
dystrophy may simulate the disorder, there is good reason to believe that the 
oculofacial manifestations of the Mébius syndrome are based on a disorder of 
the nervous system. The best evidence is the histological demonstration of 
disordered formation of supranuclear structures. This is well supported by 
clinical and laboratory signs of central paralysis of the eye movement. 


Comment: This paper is still another definite piece of evidence indicating that what has 
classically been considered a nuclear lesion is actually a supranuclear anomaly of inner- 
vation at least in part. The interesting finding is a simultaneous firing of both the lateral 
and medial rectus muscles on electromyographic examination, indicating that the 
“paretic” lateral rectus muscle is actually innervated. A further point of interest is the 
finding of good passive movement of the left eye on forced duction testing, even though 
clinically one might expect to find fibrosis of the lateral rectus. The statement made by 
the authors that variability in the relative extent of supranuclear and nuclear dysplasia 
probably accounts for the difference in signs from one case to another is important in 
resolving the conflicting findings reported in the literature. Since recently most reports 
have emphasized the fact that most cases of progressive nuclear ophthalmoplegia are 
actually instances of localized muscular dystrophy, it is of interest to note that Van Allen 
and Blodi favor a central nervous system cause for Mébius syndrome. 

JoHN WoopwortH HENDERSON 
Ann Arbor 


HEMORRHAGE INTO PITUITARY ADENOMA WITH 
SPONTANEOUS RECOVERY AND REOSSIFICATION 
OF THE SELLA TURCICA 


Ericu G. Kruscer, Sor M. UNGrr, anp BERNARD Roswit 


Neurosurgical Section and Radiation Therapy Service, Bronx Veterans 
Administration Hospital, and Department of Neurological Surgery, 
Columbia University College of Physicians and Surgeons, 

New York, New York 


Neurology, 1960, 10: 691-696 


Acute hemorrhage into pituitary tumors is attended by fulminant symptoms 
and a high mortality rate. Of 36 patients who presented the syndrome in the 
most acute form, 22 died either in minutes or within a few hours to a month. 
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Of those who survived, some recovery of vision or ocular movements or both 
was noted in at least 9. 

In the case of a 30-year-old mechanic reported here, spontaneous recovery 
from the acute episode of bleeding into a presumably chromophobe pituitary 
adenoma took place. In addition, the patient lost all endocrine symptoms that 
preceded the apoplectic event. It is assumed that the hemorrhage destroyed the 
pituitary adenoma but spared enough glandular tissue to maintain normal 
endocrine function throughout a 7-year period of observation. The clinical 
improvement was accompanied by reossification and marked reduction in size 
of the previously greatly enlarged sella turcica. Reconstruction of the sella after 
surgical and/or radiation therapy has been observed before, but spontaneous 
sellar reconstruction appears to be a unique observation. During a recent exami- 
nation, his vision was found to be normal subjectively and objectively. The 
eye grounds showed optic disks with sharp outline and color and normal cup and 
venous pulsations; the eye movements and reactions of pupils were within normal 
range. 

A review of the literature revealed 75 cases of hemorrhage into pituitary 
tumors. In view of the grave prognosis, early surgical intervention is generally 
recommended. More recent surgical experiences offer an improved outlook. 
Radiation therapy is usually inadvisable. Adoption of a conservative regimen, if 
warranted by a favorable course in the direction of recovery, may be justified 
by the possibility of spontaneous recovery which is reported in the present case. 


Comment: This is a very interesting report of a rare case history. The patient had 
characteristic bitemporal hemianopsia and radiological changes in the sella turcica found 
in pituitary tumors. Loss of vision which is frequently an early complaint also occurred in 
one eye. Walsh believes that this probably occurs in 95 per cent of cases of chromophobe 
adenoma. Disk pallor was never noted and the ultimate recovery of vision was excellent. 
Since muscle palsies occur relatively infrequently in pituitary tumors, it is important 
that the authors performed carotid angiography which showed no evidence of intracranial 
aneurysm. The muscle palsies are thought to be due to involvement in the cavernous 
sinus. The spontaneous recovery in the case reviewed is certainly rare. Since the ophthal- 
mologist is often first consulted in lesions involving the pituitary, case reports such as 
this one are extremely interesting. 


Ricwarp A. ELuIs 
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HYSTERICAL AMBLYOPIA 


Wiiuram A. MANN 


Department of Ophthalmology, Northwestern University Medical 
School, Chicago, Illinois 


Quart. Bull. Northwestern Univ. M. School, 1960, 34: 215-225 


From a practical clinical standpoint we can consider that hysteria is a sub- 
conscious flight from reality due to failure to meet a situation because of emo- 
tional conflict in a predisposed individual. According to Kretschmer (Hysteria, 
Nervous and Mental Disease Publishing Co., 1926), “hysterical manifestations 
are predominately vague, impulsive ways of reaction occurring in simple, primi- 
tive or immature persons and appear relatively seldom in enigmatic highly 
differentiated personalities possessing intricate richness of experience.” 

The differentiation between hysteria and malingering is frequently difficult 
since both tend to be found in individuals with psychoneurotic tendencies and 
in some instances a combination of both may exist simultaneously. It seems 
probable that a malingerer who must continue for a long time to simulate organic 
disease for gainful purposes may finally convince himself that his simulated 
symptoms actually exist and his conscious malingering then becomes an ‘‘un- 
conscious malingering.”’ 

The manifestations of hysteria are legion. The ocular manifestations are 
particularly interesting. DeSchweinitz and Spaeth in monographs published in 
1906 and 1930, respectively, described amaurosis, amblyopia, asthenopia, 
anomalies of accommodation and pupillary reaction, contractures, pseudopalsies 
of the palpebral and bulbar musculature, nystagmus, vertigo, disturbance of 
color sense, and strabismus. 

It is of paramount importance that organic disease be thoroughly eliminated 
or if present be found definitely inadequate to produce the visual loss present 
before a diagnosis of functional visual impairment can be suspected. Visual 
acuity studies, cycloplegic refraction, examination of the anterior segment, 
careful fundus studies, tonometry, and complete examination of the peripheral 
and central visual fields, together with a consideration of the history and be- 
havior of the patient, must be undertaken before an opinion as to a functional 
element can be entertained. The attempt must be made to determine whether 
this is conscious deception on the part of the patient (malingering) or whether it 
is a true hysterical amblyopia. 

Hysteria may cause complete bilateral blindness but this is extremely rare. 
Most commonly there is bilateral reduction in visual acuity with contraction of 
the peripheral fields but no central scotoma. The latter would be found in toxic 
amblyopia or retrobulbar neuritis in which the fundi would also appear normal. 
The malingerer nearly always complains of reduced vision in one eye following 
some alleged injury. When he simulates visual loss in both eyes, it is much more 
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difficult to detect since the best malingering tests operate on the principle of 
deceiving the patient into using the alleged blind eye when he thinks he is seeing 
out of the good eye. 

Observation of the patient without his knowledge in the ward or environment 
may be required in cases of bilateral blindness to determine whether his blindness 
is conscious (malingering) or unconscious (hysterical). 

Various tests have been suggested for bilateral functional blindness including 
observation of the pupillary reflexes: the manace reflex, the Schmidt-Rimpler 
test, Graefe’s objective fixation test, the optokinetic nystagmus test; electro- 
encephalography; and observation under Pentothal or ether. 

A wide variety of tests have been suggested to prove simulated loss in one eye, 
all of which require the examiner to be very familiar with the tests, to move 
quickly to outwit the patient, and to be very certain that the patient keeps both 
eyes open during the examination. If the patient keeps closing one eye to see 
which he is using he is certainly under suspicion. The standard tests for malinger- 
ing have been decribed by Lasky in a review published in 1941. In our hands one 
of the most useful tests is a fogging test in which a convex lens (+3.00) is placed 
in front of each eye, blurring the vision to perhaps 20/200; then an additional 
convex lens (+3.00) is placed over the good eye and a concave lens (—3.00) over 
the ‘‘bad” eye neutralizing each other and the strong convex lens causing intense 
blurring of the vision of the “good” eye whatever the patient reads on the chart 
will be with the eye for which poor vision is claimed. He will not recognize which 
eye he is using unless he closes one eye at a time and if he does so it is highly 
suspicious of malingering. Javel’s bar reading test, in which the bar is placed 
between the eyes and reading material and the patient asked to read, is also 
helpful. Prisms, distance at which he reads with a strong lens added to the 
“good” eye, and comparison of the monocular and binocular visual fields, as 
described by Sproule and Havener may also be used. 

The characteristic findings in hysterical amblyopia is not the amount of 
reduction in central visual acuity, but rather the tubular field. While this may be 
imitated at times by the informed malingerer, it is never found in organic disease 
of the eye or central nervous system. 

Another field change which has been decribed in hysterical amblyopia is the 
fatigue type of field in which the field extent diminishes as successive meridians 
are tested. 

Disturbances of the light sense, reduction in corneal and conjunctival sensi- 
tivity, and other hysterical symptoms may accompany hysterical amblyopia and 
it must be borne in mind that other hysterical symptoms of other organs likewise 
may be present. 

The treatment in patients with recently acquired hysterical amblyopia may 
often be carried out with success by simple suggestion combined with the elimi- 
nation of the causative factors. The latter calls for the help of a trained psy- 
chiatrist in most cases as the cause may lie in some deep seated and, to the 
ophthalmologist, obscure origin. In the more obvious cases, the ophthalmologist 
acting as the psychiatrist may be able to solve the enigma and effect a cure. 
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Walsh believes that in most cases the functional defect is at a superficial level, 
and that by persistence and firmness one can usually get these patients to read 
20/20 after explaining that the eyes are normal. Cases of long standing are much 
more difficult to treat by suggestion. 


Comment: It seems that hysteria and malingering are more common in military than in 
civilian life. At home, neurotic individuals have more leeway and are less likely to be 
crowded into a corner where the only apparent solution is a flight into illness. 

Recently, at a meeting of the Ophthalmic Club of Philadelphia, Heidt reported a case 
of hysterical amblyopia in a girl. To be sure that the amblyopia was not organic, he had 
a colleague hypnotize her. Under hypnosis both eyes had excellent vision. He then re- 
ferred her to a psychiatrist. 

The author refers us to a review by Lasky. (Arch. Ophth., 1941, 25: 1038-1049.) This 
covers all the standard tests for detection of malingering. 

OwEN BELMONT 


TOBACCO AMBLYOPIA 


C. Witsur RvucKER 
Rochester, Minnesota 


Proc. Staff Meet. Mayo Clin., 1960, 35: 345-348 


Excessive smoking leads to dimness of vision in some persons, but never to 
the point of blindness. The nature of the visual loss is characteristic and the 
condition can usually be diagnosed easily. 

Examination using a tangent screen reveals a scotoma between the point of 
vision and the physiological blind spot. Only very small test objects disappear 
at first, and red objects are especially hard to recognize. Gradually the area of 
dimness enlarges, but never reaches the periphery. Occasionally there are two 
scotomas within the area of dim vision. Both eyes are always affected. Since the 
areas of dim vision fade gradually into the surrounding field, accurate charting 
may be difficult. Recovery is characterized by slow reversal of the course. 

The cause is usually excessive smoking, especially of cigars, for many years. In 
our experience the typical patient has used half-a-dozen cigars a day for 20 to 30 
years. In Great Britain pipe smoking is the chief cause. Occasionally cases are 
reported following cigarette smoking or chewing tobacco. 

The exact mechanism by which tobacco affects the vision is not known, but 
it is considered that nicotine or other volatile alkaloids present in the tobacco or 
formed during combustion produce toxic effects. The general health and nutri- 
tional status of the patient are also important. Most patients with tobacco 
amblyopia are over 50 years of age, and an unusually large number have diabetes. 
So many who smoke excessively also drink excessively and the condition has been 
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called “tobacco-alcohol amblyopia.” We find, however, that in alcohol amblyopia 
the scotoma is central as in beri-beri or malnutrition. In tobacco-alcohol am- 
blyopia we note that the scotoma is characteristic of tobacco use, and the alcohol 
apparently merely reduces the patients’ resistance to the effects of tobacco. 

Abstinence from tobacco, balanced and adequate diet, and B complex may 
partially restore vision if the amblyopia is of short duration and the optic nerve 
has not atrophied. The reversal may take several months or a year. 


Comment: The author emphasizes that this disease impairs ability to read and recognize 
faces but does not lead to blindness. In this statement one recognizes the fact that these 
people have rarely developed total loss of vision; however, their incapacity may often be 
extreme even though central vision is the primary loss. Patients in whom optic atrophy 
has become marked often have difficulty getting about. 

One cannot emphasize sufficiently the need for the use of color test objects and a 
knowledgeable type of tangent screen examination necessary to pin down this diagnosis. 
The fact that the author does not incriminate cigarette smoking or tobacco chewing is of 
interest, since pipe smoking is reported to be the principal cause in Great Britain and 
presumably, therefore, so in the experience of the author. The author emphasizes that 
heavy smokers are often heavy drinkers and although the alcohol in itself only succeeds 
in adding to poor health, the nutritional state of the patient serves to exacerbate or 
accelerate the toxic effect on the retinal cells. 

One would certainly agree that the primary thing is abstinence from tobacco and an 
adequate, balanced diet before the symptoms of optic atrophy occur. If the latter have 
already presented themselves, there is rarely return of vision. 

Tuomas R. Henaes, Jr. 


DIAGNOSIS AND TREATMENT OF MYASTHENIA GRAVIS IN 
INFANCY, CHILDHOOD, AND ADOLESCENCE 


A Stupy or 51 Patients 
J. Gorpon MILLIcHAP AND Puiuire R. DopGe 


The Neurology and Children’s Medical Services and the Myasthenia Gravis Clinic, 
Massachusetts General Hospital, and the Department of Neurology, 
Harvard Medical School, Boston, Massachusetts 


Neurology, 1960, 10: 1007-1014 


This report consists of a follow-up study of 51 patients whose symptoms began 
before they were 17 years of age. Thymectomy was performed in 21 patients in 
this series, and the results of the operative treatment have been evaluated and 
compared, as far as possible, with those of drug treatment alone. 

Age at onset of the disease and other clinical features indicate that the patients 











250 SURVEY OF OPHTHALMOLOGY 


fall into three groups: (1) 10 infants with a neonatal transient type of myasthenia 
who were born to mothers with the disease ; (2) 6 patients with neonatal persistent 
(congenital) type whose mothers were unaffected; and (3) 35 patients with a ju- 
venile type whose symptoms began after the first year of life. 

In the first group diagnosis was made at the onset of symptoms in 9 of the 10 
cases. Prostigmin therapy was given to 6 infants and all recovered. Of 4 infants 
who were not treated, 1 died at the age of 21 days. 

In the second group diagnosis was established late and retrospectively in all pa- 
tients; the disorder had been misdiagnosed as congenital ptosis in one patient and 
cerebral tumor in another. The course of the disease was protracted, symptoms 
were mild but somewhat refractory to Prostigmin or other cholinergic drug ther- 
apy. Ophthalmoplegia was unrelieved in 4 instances; complete remission was not 
achieved in any. 

In the third group symptoms began after 10 years of age in 26. Girls were af- 
fected 6 times more frequently than boys. Ptosis was the commonest presenting 
sign. 

Fourteen (5 males and 9 females) received medical treatment (Prostigmin, 
Mestinon or Mytelase) only. Complete remission was obtained in 1 and good im- 
provement in 13. 

Thymectomy was performed in 21 patients. Complete grade A remission in 6 
(29 per cent) patients had been maintained at the time of the follow-up for periods 
of 8, 6, 5, 3 and 2 years, respectively. An improvement to response compared with 
that to drug therapy preoperatively was observed in 12 patients, no change oc- 
curred in 8, and the symptoms were worse after operation in 1. In patients with 
complete remission, the average duration of symptoms before operation was 2 
years and the average age at operation was 14 years, whereas, in those with a B 
response to thymectomy, the illness had been present for an average time of 5 
years and the average age at operation was 18 years. 

Thymic irradiation was performed in 13 patients. In 6 the treatment was ad- 
ministered immediately before operation and its effect could not be evaluated 
satisfactorily; none showed improvement during a 4- to 8-week period of obser- 
vation. Of the remaining 7 patients, 1 child who was treated at the age of 244 
years showed a marked grade B remission within 1 year and a complete grade A 
remission at the age of 5 years. 

In 8 patients who had recovered completely, the duration of symptoms was not 
more than 6 years. 

The transitory nature of neonatal transient myasthenia suggests the presence 
of a curare-like substance that passes the placental barrier and is slowly excreted 
or destroyed by the infant during the neonatal period. That the condition is un- 
related to the duration of myasthenia gravis in the mother and to the form of 
therapy during pregnancy is evident from clinical findings in the 10 patients pre- 
sented in this report. Maternal disease had been recognized for periods up to 11 
years, and 3 mothers had received no drug therapy during the greater part of 
pregnancy. 
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Comment: This paper points out several interesting aspects of myasthenia gravis of 
which ophthalmologists are often not aware. First, the fact that the disease is more 
common than realized in infancy, childhood, and adolescence. Since we all realize that 
myasthenia is a clinical entity often causing much confusion, our index of suspicion for 
this disease in multiple extraocular paresis must be greater. We should pay strict attention 
to possibilities of myasthenic traits in the parents, particularly the mother, and if we 
inquire regarding this we can make a more likely diagnosis more readily and at an earlier 
age. In this neonatal transient group, ptosis was a predominant symptom and in the 
congenital group both ptosis and external ophthalmoplegia were prominent signs. It is 
important that the neonatal persistent type of myasthenia is often refractory to drug 
therapy. Symptoms were more mild but again somewhat refractory to drug therapy in 
the juvenile type. After 10 years of age thymectomy produced objective improvement in 
57 per cent. In those patients treated with cholinergic drugs we are still seeing vast im- 
provement in almost 90 per cent of the patients. It has been the authors’ experience that 
in the more protracted cases with purely ocular myasthenia the outlook is not nearly as 
good. This report fails to delineate in detail those patients who could be classified pri- 
marily as ocular myasthenics and it is this group that often is refractory to treatment and 
shows progression to ocular immobility at an early stage. In these ocular myasthenics, 
whether they occur in the younger age group or not, we must utilize all the techniques 
available to us, in evaluation as well as in treatment. These include electromyography 
and forced ductions as regards evaluation, and the local use of anticholinesterase agents in 
addition to those systemic drugs now available to us. 

Tuomas R. Heness, Jr. 


DIE BLOEDVATETIOLOGIE VAN DIABETIESE NEUROPATIE 
(THE VASCULAR ETIOLOGY OF DIABETIC NEUROPATHY) 


C. L. Wicut 


Departement Interne Geneeskunde en Degenerasie Siektetoestande Groep, W.N.N.R. 
Universiteit van Stellenbosch en Karl Bremer-Hospitaal, Bellville, Kaap 


In an exposition of 56 cases of organic diabetic neuropathy it could not be 
shown that the metabolic derangement, reflected by the fasting blood-sugar level, 
insulin need, and tendency to acidosis gave rise to diabetic neuropathy. 

The high incidence of changes in the peripheral blood vessels (64 per cent), 
especially those demonstrable by plethysmography, suggests a causal relation- 
ship; the cause of neuropathy is thought to be primarily a lesion of the vasa 
nervorum. 

The occurrence of retinopathy (50 per cent), albuminuria (30 per cent), and 
albuminuria in the presence of retinopathy (27 per cent), is an indication of the 
nature of lesion in the vasa nervorum. 
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The high incidence of hypertension (74 per cent) is further evidence of the type 
of vascular degeneration which is found in diabetes mellitus. 

Diabetes neuropathy is thought to be part of an angiopathy specifically found 
in diabetes mellitus. 


Comment: This study presents additional evidence that diabetic neuropathy has a 
vascular pathogenesis and is related both as to nature of the lesion and occurrence in 
diabetics to the retinopathy and the nephropathy of diabetes. The ready visibility of the 
lesions in the fundus are helpful in the differential diagnosis of neuropathy and 
nephropathy of diabetes. 

BERNARD BECKER 


IATROGENIC BLINDNESS? 


Horace W. ADAMS AND RIcHARD C. TURRELL 


The Sections of Neurology and Electroencephalography, University of Louisville 
School of Medicine, Louisville General Hospital, Louisville, Kentucky 


J. Kentucky M. A., 1960, 58: 58-59 and 82 


In the present era of potent therapeutic agents, it is not enough for a physician 
to be aware of the natural history of disease. He must also be on guard for 
factitious, iatrogenic, and patient-aggravated disorders. An example of this may 
be seen in the case of an elderly hypertensive woman with aged blood vessels 
and joints, who developed blindness, seizures, and left hemiparesis secondary to 
shock from gastrointestinal hemorrhage. Possible accompanying and antecedent 
causal factors including reserpine, aspirin, steroids, diseased blood vessels, and 
upright sleep. 

Data presented by Fazekas (1955) suggest that subjects with cerebrovascular 
disease are in many instances unable to compensate for reductions of blood 
pressure and develop signs of cerebrovascular insufficiency at higher pressure 
levels than normal subjects. In the authors’ patient, warning symptoms referable 
to the vertebral-basilar circulation (e.g., light-headedness, dim vision, generalized 
weakness) became evident shortly after she was placed on a Rauwolfia compound. 
At this point, a discerning physician would have discontinued the treatment. 

All of the steroid preparations, including the newer refined forms, have a 
tendency to produce ulceration of the upper gastrointestinal tract, particularly 
when administered for prolonged periods. Acetylsalicylic acid is also known to 
reactivate existing ulcers, and it may have played a part in this case. Overt 
gastrointestinal bleeding, in the week before admission, further reduced the 
patient’s oxygen-carrying capacity, and also aggravated the existing relatively 
hypotensive state. Moreover, not only may the Rauwolfia compounds precipitate 
serious hypotension but they may also activate peptic ulcers by increasing the 
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volume and acidity of gastric secretion. Finally, just before the onset of blindness, 
the patient slept overnight in an upright position. The blood pressure has been 
shown to fall significantly during sleep in the upright position. 

Amaurosis following hemorrhage has been reported by several authors. 
Extreme sensitivity of the retinae to hypoxia has been given as an explanation 
by some, but an additional factor of pre-existing basilar artery disease with 
marginal blood flow to both occipital lobes was also present in this case. The pa- 
tient’s rapid recovery following red cell and plasma restitution may be taken to 
support each explanation. The other neurological signs and symptoms were 
secondary to hypoxia and hypotension and indicate a diffuse cerebrovascular 
insufficiency with a major ischemic lesion in the right motor cortex. 

A distressing feature of this case was the lack of any definite indication for the 
drugs used. 


Comment: In our present thinking one is impressed with the necessity of controls and 
double blinds in order to properly evaluate the influence of any new or old drug. However, 
it is evident from this detailed work-up of a single patient that one can learn from a care- 
ful analysis of the effects of a drug or several drugs on one patient. The present analysis 
stresses the necessity of awareness of the possible harm the physician can do by the too 
free use of any drug whether it be new or old. It also is an excellent example of the value 
of doing some Monday morning quarterbacking on every single patient. The complete 
physician must not only have information but must have time to analyze it carefully, 
before, during, and after the period of patient observation. 

Irvine H. LeoproLp 





OCULAR ONCOLOGY 


PIGMENTED NEVI, BENIGN JUVENILE MELANOMA AND 
CIRCUMSCRIBED PRECANCEROUS MELANOSIS 


Marion B. SutzBerGerR, ALFRED W. Kopr, anp Victor H. WITTEN 
New York University Post-Graduate Medical School, New York, New York 


Postgraduate Med., 1959, 26: 617-631 


Today the concept that malignant melanomas arise from melanocytes, usually 
within so-called junction or compound nevi, is generally accepted. It follows that 
the clinician must make every effort to recognize and to distinguish from the 
more benign varieties those pigmented nevi within which malignant melanomas 
are most likely to originate. More particularly, he should be alerted to those 
which are precancerous. 

Chances of malignant transformation of nevus-cell nevi are greater in certain 
body areas than in others. Danger signals include change in color, size, shape or 
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consistency, diffusion of pigment into adjacent skin, satellite nodules, and 
lymphadenopathy. Malignant melanoma resulting in metastases and death is 
rare prior to puberty. “Benign juvenile melanoma” conveys more clearly the 
expected course of a clinically benign type of compound nevus. 

Outstanding features of circumscribed precancerous melanosis are change- 
ability, irregular outline, and uneven color. A tumor histologically identical to 
malignant melanoma often develops in such precancerous plaques. Most in- 
vestigators agree that melanocytes of the skin, eye and mucous membranes are 
of neuroectodermal origin. The average adult has at least 15 pigmented nevi and 
probably more. When one considers the vast number of nevus-cell nevi which 
exist, malignant melanoma rising within such lesions is most rare. The experienced 
dermatologist can rely on his clinical ability to differentiate between indubitably 
benign lesions and doubtful lesions and, above all to recognize those features 
which may indicate possible, probable or frank malignancy. 

Nevus-cell nevi which are of purely cosmetic concern can be surgically excised, 
but often it is possible to obtain the best cosmetic result by slicing off with a 
scalpel or scissors that portion of the lesion which protrudes above the skin 
surface. If the remaining portion is still elevated above the skin surface, light 
electrodesiccation can be employed. In the authors’ experience this method 
is eminently safe for the management of the benign, primarily intradermal nevi. 
This procedure also provides a specimen for microscopic examination. However, 
each lesion must be minutely examined and its history ascertained before any 
such procedure is permissible. 

Circumscribed precancerous melanosis of Hutchinson-Dubreuilh is a distinct 
entity, on the basis of a study of the literature and the authors’ experience. All 
physicians, pathologists and statisticians should consider as a specific subgroup 
those malignant melanomas which arise in circumscribed precancerous melanoses 
and consider these lesions separately when assessing end results. It seems that 
the precancerous phase of this entity is not necessarily synonymous with super- 
ficial malignant melanoma, malignant lentigo, amelanotic malignant melanoma 
resembling Paget’s disease, or malignant melanoma arising in junction or com- 
pound nevi, since these conditions are already frank malignant melanoma or 
malignant melanoma in situ. ““Lentigo maligna of old people”’ is a misnomer be- 
cause the disease (circumscribed precancerous melanosis) does not always begin 
in senile persons and in its precancerous phase it is not malignant. 

Surely if, as has been stated, one-fourth of all malignant melanomas arise in 
lesions of circumscribed precancerous melanosis, more such cases should be 
reported, and these melanomas should be considered separately from malignant 
melanomas arising in other ways and from other lesions. Additional facts are 
needed to establish more firmly the clinical features, course and proper therapy 
of these conditions. 


Comment: The authors subscribe to the ideas of Allen and Spitz regarding nevi. This 
is a revival and amplification of the Unna concept of the epithelial genesis of nevi. They 
point out the natural history of nevi which shows a cyclic change from a period of activity 
(junctional changes) seen in young individuals to a period of quiescence, as seen in young 
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adults to finally a stage of complete involution seen in older patients. Due to this final 
complete involution, patients over 50 years of age have fewer nevi than younger patients. 
A. B. REESE 


RETINOBLASTOMA 
IMPROVED RESULTS FROM COMBINED THERAPY 


EDITORIAL 
Cancer Bull., 1960, 12: 62-64 


Retinoblastomas develop in the posterior eye areas adjacent to tissues that 
are radioresistant, but the lens, cornea, and other anterior sites are highly sensi- 
tive and thus vulnerable to radiation injury. For this reason many techniques 
have been attempted to irradiate the neoplasm without permanently damaging 
the healthier tissues present in the same area. 

In this country Reese and associates began treating patients with x-rays in 
1936. The method was developed by Martin, who planned a means of admini- 
stration with special cones and both a temporal and nasal port, in order to assure 
proper radiation of the tumor and still spare the anterior parts of the eye. Roent- 
genotherapy was utilized for the patients for whom it was hoped some vision 
might be spared in the eye that was less involved by cancer, after enucleation of 
the eye with more advanced disease. In the earlier parts of their series severe 
radiation damage occurred with sufficient frequency to negate some of the 
therapeutic results. Among complications that developed the most significant 
was vitreous hemorrhage. With lower amounts of radiation the tumor could still 
be destroyed with fewer unwelcome effects. These physicians utilized a dose of 
3000 r and for smaller lesions could employ diathermy. 

Use of triethylene melamine in combination with x-ray was inaugurated in 
January of 1953 with encouraging results. Radiation damage was minimized 
and the side effects of TEM were usually less serious. Subsequently, parenteral 
administration of the radiomimetic agent was found more satisfactory than oral, 
and from parallel treatment studies it was found that the two media did have 
supplementary effects. Radiation treatment can be curative without the TEM 
but the reverse is not true; however, the combination enhances the effect. 

After intramuscular TEM had proved successful, the agent was given intra- 
arterially in the more serious cases. Such regional treatment, with the agent 
introduced directly into the internal carotid artery on the same side as the 
retinoblastomatous eye, was performed under direct observation. 

In early groups of patients, all children, disease was far advanced. Whereas 
the time was too short and the patients’ clinical status too poor to predict any 
“cures” at the time of the report, response was still sufficiently good to warrant 
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consideration of consistent use of the intra-arterial route. The investigators are 
making studies with carbon 14-labeled TEM. The pattern of response, even to 
the expected extent of the complications, can thus be predicted to some degree. 

In intracarotid instillation of the drug the method of Feind is used. Two im- 
portant matters to recall are individualization of dosage, with repeated white 
cell and platelet counts, and follow-up examinations performed under anesthesia, 
every 2 to 4 months for several years. 

With oral TEM and x-ray Reese and co-workers reported a 70 per cent rate of 
cure. With intramuscular administration of the agent about 90 per cent cure may 
be anticipated. Thus far no conclusions can be reached about patients with far 
advanced disease who were given TEM into the carotid artery, but tumor growth 
has apparently been arrested in 60 per cent. 


Comment: This is a good review of the experiences of the nonsurgical management of 
retinoblastoma. Although the details of therapy are not included the general methods 
are explained. These methods of therapy certainly represent one of the advances in oph- 
thalmology. The importance of enucleation of one eye to establish the diagnosis of retino- 
blastoma is definitely desirable. Only time will answer the question as to late complica- 
tions and the evidence of useful vision. 

ALBERT N. LEMOINE, JR. 


THE HISTOGENESIS OF NEVOID TUMORS OF THE SKIN 


Tue FoiiticutomMa—A Hatr-Fo.uicte Tumor 


ALBERT M. KLIGMAN AND HERMANN PINKUS 


Department of Dermatology, University of Pennsylvania Medical School, 
Philadelphia, Pennsylvania, and Department of Dermatology, 
Wayne State University College of Medicine and the 
Detroit Receiving Hospital, Detroit, Michigan 


A. M. A. Arch. Dermat., 1960, 87: 922-930 


The purpose of this paper is to define a little known tumor (folliculoma) of 
hair follicles and to show how it illuminates the origin of the nevoid class of 
tumors. The term nevus is used in this paper in the sense in which Jadassohn and 
Darier defined it, namely, as a local excess of normally differentiated elements of 
the skin. 

The nondescript gross appearance of the tumor is indicated by the variety of 
clinical diagnoses submitted with the specimens, viz.: milia, early basal-cell 
carcinoma, molluscum-contagiosum-like, trichoepithelioma, syringoma, etc. It 
ranges in diameter from 0.2 to 0.5 cm. and is usually a whitish or pearly papule 
or nodule, smooth, elevated, with little tendency to ulcerate. Classical instances 
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have a pore or black dot. It is removed either as a cosmetic nuisance or because 
the patient fears malignancy. The core of the lesion is a dilated, keratin-filled 
sinus of invagination, obviously a grotesque follicle, lined with keratinizing 
stratified epithelium. Most of the follicles are of the vellus type, especially those 
which succeed in making small hairs. 

All these tumors are imbedded in an exuberant connective tissue stroma. The 
hyperplastic stroma must be considered a principal and essential component of 
the tumor, at least equal in significance to the epithelial overgrowth. 

The folliculoma fits into the last remaining compartment of Mendeleef’s table 
of tumors differentiated toward hair; the roster in descending order of differ- 
entiation now stands as follows: hair nevus, folliculoma, trichoepithelioma, 
keratotic basal-cell epithelioma. 

A fresh concept is now emerging from newer knowledge in cutaneous em- 
bryology, anatomy and pathology. The highlights of this development may now 
be summarized. 

It was Lever more than anyone else who perceived that basal-cell carcinomas 
were in reality adnexal tumor. It is now well appreciated that there is no strict 
histogenetic difference between “basal’’ and “squamous” cells; these are 
merely different developmental stages of the same cell type and are mutually 
transformable. Normally basal cells become squamous cells as they ascend in the 
epidermis. 

It is now firmly understood that cutaneous epithelial cells are pluripotential 
throughout life. Any adult epithelial cell, whether in the epidermis or the adnexa, 
can potentially become transformed into other types of differentiated cells. 
Adult epidermis retains the capacity to form adnexal type cells or structures. 
Moreover, all types of adnexal cells can differentiate and replenish the epidermis 
after its removal. 

It is not in respect to origin that basal and squamous-cell carcinomas differ. 
Both derive from the pluripotential epithelial cells, either epidermal or adnexal. 
The crucial point of separation is the path of development, the one toward 
higher and the other toward lower organ differentiation. The “indifferent” un- 
differentiated cells of the former make an unsuccessful effort to form adnexal 
structures. The path of squamous-cell carcinoma is in the opposite direction, 
toward dedifferentiation and anaplasia, efforts which by contrast are entirely 
successful. These cells are not subject to local regulatory forces and metastatic 
ability is thus a distinctive characteristic. 

Up to now attention has focused almost exclusively on the epithelial com- 
ponent, neglecting interactions with the connective tissue. Yet it seems obvious 
that basal and squamous-cell carcinomas might differ considerably in their 
relationship, to the stroma in which they proliferate. It is the most compelling 
evidence available, that basal-cell carcinomas are really adnexal tumors, not in 
any way related to squamous-cell epitheliomas. Moreover, all the adnexal tumors, 
the least and most highly differentiated, exhibit a kind of relationship between 


epithelium and stroma which segregates them into a definite histopathological 
class. 











258 SURVEY OF OPHTHALMOLOGY 


The adnexal tumors are characterized by a stroma which develops in a mutu- 
ally “cordial” fashion with the epithelial overgrowth. The nevoid, harmartoma- 
tous tumors of all degrees of differentiation thus retain to some degree a more or 
less habitual relationship to the connective tissue stroma. These tumors then can 
be understood as incomplete, wayward attempts to form adnexae. 


Comment: Under the heading of nevoid tumors of the skin the authdfs discuss adenexal 
epithelial tumors (hair follicles, sebaceous glands, and sweat glands). It would be helpful 
if the term “nevus” could be eliminated from our nomenclature because its loose usage 
leads to ambiguity and confusion. The term is applied not only to pigment-bearing tumors 
but to angiomatous lesions (nevus flameus), to histiocytomas (nevoxanthoendothelioma), 
and here to adnexal tumors. 

Specifically, the authors describe a hamartomatous tumor which they call a folliculoma 
and point out its position in the roster of hair-follicle tumors ranging from the most to 
the least differentiation—hair nevus, folliculoma, trichoepithelioma, keratotic basal cell 
epithelioma. 

ALGERNON B. REESE 


CANCER IMMUNITY 


GeorGE E. Moore anp James T. GRAcE 
Buffalo, New York 
Surg. Gynec. & Obst., 1960, 110: 234-236 


Recent studies have defined more accurately than before the limitations of 
immunological principles enunciated early in the century insofar as they apply 
to cancer. 

Although evidence is often indirect and mechanisms still unknown, factors of 
host resistance are unquestionably important: (1) established tumors have 
regressed spontaneously; (2) patients with incompletely removed tumors have 
survived for long periods of time; (3) widespread metastases sometimes appear 
many years after the primary lesion has been successfully removed; (4) metas- 
tases may regress after the primary lesion is removed; (5) thousands or millions 
of cancer cells exfoliated into the blood or lymphatics fail to form cancer; (6) 
histocytic, histiolytic, lymphocytic, and plasmocytic responses are observed 
near some tumors and lymph nodes; (7) antitumor antibodies have been seen in 
the serum of some persons; (8) some patients develop hypersensitivity to some 
components of their tumors; (9) immunological responses have been seen parallel 
to changes in the activity of some tumors; (10) cortisone and some carcinostatic 
drugs appear to enhance tumor growth; (11) autotransplants are not often 
successful. 

Many early studies using transplantable tumors in animals employed geneti- 
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cally foreign material so that results did not indicate immunity but rather genetic 
differences in response to homografts. Results of more recent controlled inves- 
tigations using highly inbred mice without demonstrable mutations in the 
tumors may still be affected by subtle, undetected genetic differences. Further 
evidence that reduced host resistance is associated with enhanced tumor growth 
has been shown by other methods, such as : (1) irradiation of the host; (2) pre- 
treatment of the host with cortisone; (3) stress, infection, surgery, toxic com- 
pounds, exhaustion; (4) production of immunological tolerance by injecting 
the embryo with treated whole cells or cell fractions; (5) blockage of the reticulo- 
endothelial cells by colloidal particles. 

It is not surprising that both clinical and experimental evidence discloses 
possible immunological differences between the spontaneous tumor and its host. 
Cancer cells differ from normal neighboring cells and therefore must grow in an 
initially unfavorable environment. The question is whether these differences can 
be used in diagnosing and treating cancer. 

The theory, current for 60 years, is that mutations due to a variety of factors 
occur frequently, but only rarely survive as malignant organisms. In human 
beings, such abnormal cells can be caused by a wide variety of physical and 
chemical agents, by poor nutrition, and possibly by infective organisms. Muta- 
tions due to viruses differ from others because they consist of substitution or 
addition of foreign material into the recipient cell, not only of alterations within 
the cell. Studies are now in progress to determine factors which predispose a 
cell to accept such foreign material. Many causes for malignant transformations 
of cells are undoubtedly still unknown. 

Most abnormal cells succumb because of imperfect nutrition, faulty mitotic 
apparatus, or lack of necessary enzyme systems. The survivors are probably 
attacked by further local and host defenses, including immunological defenses. 
The few which adapt to the hostile environment are capable of malignant growth. 

Mature human cancer may range from that which survives because it is 
nearly identical with adjacent cells, to those which differ genetically but have 
such enormous growth potential that they quickly become autonomous. Only 
the latter type would seem susceptible to vaccines. Supporting these views are 
experimental data which indicate a wide difference between the original anti- 
genicity of different tumors. The origin of the antigens is still unknown. Although 
some studies show that some patients become hypersensitive to their tumors or 
their products, these observations have not been correlated with increased re- 
sistance. However, immunological responses undoubtedly do occur. 

Development of antiserum to eradicate established tumors remains a remote 
possibility, but efforts to enhance resistance to the tumor by using autovaccines 
seem more promising. The development of a preventive vaccine poses extremely 
complex problems. However, the isolation of tumor-inducing viruses from spon- 
taneous tumors in mice as well as from tumors induced by carcinogens or x-ray, 
may open new directions of study. Immunization has already been accomplished 
against the polyoma virus, which is capable of producing six to eight types of 
tumor in a single mouse, and also against other tumor-producing viruses. More- 
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over, agents have been isolated from human tumors which induce accelerated 
growth in mouse tumors. 


Comment: Host resistance factors, associated with the development and progress of 
malignant tumors, constitutes the most exciting area in cancer research. This excellent 
survey of this subject points up the many and complicated facets now being investigated 
and views with hope the prospects of an effective solution. In addition to the usual im- 
munological responses there are other defense mechanisms which are now presenting new 
and promising challenges such as the physicochemical factors controlling the production 
of genetic materials and the utilization of normal “synthetic” genetic fragments for the 
repair of abnormal cells. 

ALGERNON B. REESE 





SURGERY 


LA ZONULOLISIS ENZIMATICA NELLE ESTRAZIONI DI 
CATARATTA 


(ENZYMATIC ZONULOLYSIS IN CATARACT OPERATIONS) 


Giacomo Pasca AND ViTTORIO SABA 
L. D. Clinica Oculistica, Universita di Sassari, Sassari, Italy 


Terapia, 1959, 44: 108-112 


This study is based on 130 operations for removal of cataracts by the method 
of Barraquer, with some modifications. In the earlier cases, Quimotrase, Barra- 
quer’s original preparation, was used for the zonulolysis; in the later cases either 
aqueous paratrypsin (trypsin) or a-chimase I.8S.M. (a-chymotrypsin) in enzy- 
matic solution of 1/5000 were employed. The method was as follows: 

Preparation of the patient by (1) administration of a tablet of fargan, Largactil 
and Luminal the evening before and again several hours before the operation; (2) 
injection of nargenol, 1 or 2 cc., according to age and condition of patient, 10 or 
15 minutes before operation; (3) local anesthesia with drops of farmocaine or 
novesin (Dorsacaine) accompanied by instillations of Neo-Synephrine 10 per cent 
and atropine 1 per cent; (4) retrobulbar injection of Novocaine 2 per cent, with 
or without Adrenalin; (c) Van Lint akinesia with Novocaine, with several drops 
of 90 per cent alcohol added in the case of particularly restless patients. 

Lid sutures were used instead of a speculum. A corneo-scleral suture was pre- 
placed above. After section with a Graefe knife, the a-chymotrypsin solution was 
injected into the anterior chamber. One or more iridotomies were then made with 
De Wecker scissors and an additional injection of the enzyme was made into the 
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anterior chamber or also through the iridotomy into the posterior chamber. 
Sometimes the anterior chamber was washed to remove the blood from the in- 
cision and iridotomy just prior to lens extraction. An erisophake of American 
manufacture, was placed directly on the crystalline lens. Before its application, 
care was taken so that the pupil was fully dilated with Neo-Synephrine and atro- 
pine. When necessary, 1:1000 Adrenalin was dropped into the open chamber. 
Usually no counterpressure with forceps, spoons or other instruments was ap- 
plied. A uniform and gentle traction on the lens was accomplished by slight lateral 
movements. If the erisophake slips off, it is reapplied. Sometimes a capsule forceps 
is used. In the isolated cases where the capsule ruptures, the erisophake may be 
applied to deliver the nucleus or other well known techniques may be used. 

The authors gained the definite impression that the zonulolysis was favorably 
influenced and the extraction of the crystalline lens greatly facilitated by the in- 
jection of enzymatic solutions. In a control series in which the same method was 
used, but without the injection of trypsins, the resistance of the zonula was 
greater and extraction of the lens more difficult and laborious. The Barraquer 
method has the added advantage of facilitating the removal of immature, intu- 
mescent and complicated cataracts. After extraction, acetylcholine (100 mg. in 2 
cc. saline) was instilled in the chamber following the tying of the preplaced suture 
and the insertion of two additional lateral sutures. Air was then instilled in the 
chamber. Eserine or pilocarpine and antibiotic ointment were placed in the cul- 
de-sac. Antibiotics and sedatives were used postoperatively. 

On examination with the slit-lamp several days after operation, the presence of 
vitreous in the anterior chamber was noted fairly frequently. This is apparently 
the result of the action of a-chymotrypsin on the hyaloid by the same digestive 
process with which it acts on the zonular fibers. This occurred when the enzyme 
was in contact with the hyaloid. It has no important effect on the outcome with 
respect to the properly corrected visual function. 

A slight grayish turbidity of the posterior layers of the cornea was noted on the 
first and second days after operation when Quimotrase or aqueous paratrypsin 
were used. This turbidity disappeared on the following days. It was not noted 
when a-chimase had been used. Perhaps our care in irrigating the chamber free of 
enzyme residue and the instillation of acetylcholine have helped. 

In accord with other authors, the writers consider enzymatic zonulolysis a real 
progress in cataract surgery. The postoperative course was regular, without irri- 
tative or reactive complications. 

In conclusion it can be reaffirmed that enzymatic zonulolysis of Barraquer 
facilitates intracapsular cataract extraction, diminishes capsule rupture, postop- 
erative iridocyclitis and vitreous loss provoked by the necessary manipulations of 
nonenzymatic techniques. Moreso, the absence of traction lessens the danger of 
choroidal and retinal detachment. 


Comment: The authors and many other surgeons (including this editor) have con- 
firmed the satisfactory use of Barraquer’s method “enzymatic zonulolysis.” The authors 
do not mention the age range of their patient series. It is the general consensus of the 
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surgeons who use this method, that this technique be limited to patients over 20 years 
of age, because of complications such as vitreous loss in younger patients. Enzymatic 
zonulolysis is usually unnecessary in patients over 60 years unless experience proves that 
they possess a tough zonula, an intumescent cataract or are prone to capsule rupture, 
iridocyclitis or retinal detachment. 

The authors found that their patients had a high postoperative incidence of free vitreous 
in the anterior chamber. They explain this to be due to the proteolytic enzyme effect on 
the hyaloid. The general experience of surgeons (including our own) who regularly irrigate 
the anterior chamber free of enzyme prior to lens delivery proves the hyaloid to remain 
unaffected. This is especially prone to be so, if only small amounts of enzyme (matching 
the volumetric capacity of the aqueous chamber— to 4 cc) in dilution 100-150 A.U./cc 
are instilled and are subsequently washed out within 2 to 4 minutes, depending on the 
patient’s age and on observation of the forward luxation of the cataract. Our personal 
experience (over 200 cases) limited to the use of the American products a-Chymar and 
Zolyse, and the Spanish product Quimotrase has been very satisfactory. 

Some writers have reported delayed wound healing and wound rupture with its incident 
complications after enzyme use. Barraquer and others (we also) attempt reduction of 
enzyme effect on the incision, by the application of saline or Ringer’s solution to the 
wound lips. Surgeons employing multiple corneoscleral sutures and a limbus-based con- 
junctival flap, have generally not met with wound healing problems when a-chymotrypsin 
was employed for zonulolysis. 

Harvey E. THorPE 


PROPHYLAXIS OF RETINAL DETACHMENT 


L. PAUFIQUE AND C. Sprra 
Lyons, France 


J. méd. Lyons, 1959, 40: 657-662 


During the last 30 years treatment of retinal detachment has given much cause 
for satisfaction, but among remaining problems are the persistent failure of treat- 
ment in 30 per cent of cases and the frequency of bilateral involvement. These 
two difficulties have suggested the idea of attempting prophylaxis. 

During the last 10 years Paufique has observed 182 cases of bilateral retinal 
detachment, of which 46 were in cases of bilateral aphakia and of the remaining 
156, 95 per cent were in severely myopic eyes and 5 per cent in eyes classed as 
senile. Schiff-Wertheimer found 36.8 per cent failure following operations, and 
of her 79 bilateral cases, 53 were in myopic eyes and 16 in aphakic eyes. Of those 
in myopic eyes, 21 were in patients less than 30 years old, and 4 of those in apha- 
kie eyes had had operations for cataract. 

Preventive surgery might be considered in myopic eyes with equatorial chorio- 
retinal lesions if operation for cataract is contemplated; in a very young, highly 
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myopic eye if the patient’s history suggests familiar predisposition to retinal de- 
tachment; in patients around 50 who have progressive lens opacity showing that 
cataract operation will probably be necessary later. 

Hervouet, studying eyes enucleated on a mistaken diagnosis of malignant neo- 
plasm, found characteristic changes in ocular membranes in cases of retinal de- 
tachment. Such changes may suggest familial or other predisposition, and empha- 
size the probable importance of prophylactic operation which would cause 
adhesions between the retina and the pigmented epithelium. 

The aim is to replace the least resistant choreoretinal zones with scar tissue. 
This procedure is clearly indicated for young nonmyopic eyes if there is retinal 
detachment and peripheral disinsertion in one eye and disinsertion and no de- 
tachment in the second eye; in these cases detachment in the second eye may be 
prevented. Prophylactic surgery is also clearly indicated in ruptured flap cases 
after successful operation for retinal detachment, even though there is no recur- 
rence. 

The decision to operate is less clear in cases of retinal holes with or without 
operculum. If the peripheral choreoretinal zone is atrophic, it is likely to cicatrize 
spontaneously. But if this eye is that of a young person with high myopia, or if 
retinal detachment is present in the other eye, or if cataract operation is contem- 
plated, the prophylactic operation is the least dangerous alternative. Aged per- 
sons with a favorable history may safely be observed for a while. Other cases are 
less clear. But we believe that if thinned zones do not cicatrize spontaneously, 
preventive coagulation is indicated. This is especially true if cataract operation is 
likely to be necessary. 

In all cases operation is limited to the area clearly demonstrated by the oph- 
thalmoscope and biomicroscope to contain threatening lesions. If this zone ex- 
tends over the entire retinal periphery, the upper hemisphere is operated upon 
first, and the lower done in a second stage. The sclera must be exposed with the 
least possible trauma, muscle traction should be gentle and gradual, vorticose 
veins and ciliary arteries must be avoided. Cauterization must be slow with plenty 
of time allowed between applications and adequate space between the series of 
cauterized points. The sclera must never be perforated. Gelfilm prevents adhesion 
of Tenon’s capsule and facilitates reoperation if it should be needed. Most sur- 
geons prefer diathermy but we prefer galvano methods as milder. Recently we 
have used Meyer-Schwickerath’s instrument for transpupillary coagulation, 
which concentrates intense light on the parts of the retina to be treated. Under 
control of the ophthalmoscope, the method is precise, easily repeated if necessary, 
and requires no surgical procedures beyond light anesthesia. 

In experienced hands with careful selection of cases, coagulation prophylaxis of 
retinal detachment involves minimal risk and certainly reduces the incidence of 
detachment. 


Comment: The authors state that in 20 per cent of the patients with retinal detachment 
the condition is bilateral. Should one consider breaks without detachment or suspicious 
areas of peripheral degeneration seen in the opposite eye of a patient with a retinal detach- 
ment the figure would be closer to 40 per cent. This is the type of case where a prophy- 
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lactic operation is indicated. In many instances it is the patient’s only eye and since 
they have lost the other eye from unsuccessful surgery both the patient and the physician 
are loathe to consider operative intervention because of the risk associated with any 
surgical procedure. One cannot be dogmatic as to when prophylactic surgery should be 
performed—so called subclinical detachments, breaks that have caused symptoms, breaks 
with elevated edges or an elevated operculum should be given the benefit of surgery. 

Until recently prophylactic surgery implied transcleral diathermy, as the authors point 
out; however, the light coagulation of Meyer-Schwicherath is ideally suited for prophy- 
lactic surgery. One of the criteria for its use is that the retina must be in contact or near 
contact with choroid and of course this would always be the case in prophylactic therapy. 
Another advantage is that one can see the exact area of retina to be treated and see the 
immediate result of the therapy. 

There are only about six of these instruments in this country today and their use 
should be limited to those who are familiar with its vagaries and limitations. Undoubt- 
edly a few patients will suffer from over zealous therapy, yet it should prove to be a 
valuable adjunct to our armamentarium. 

P. Ross McDonatp 


THE USE OF ALPHA-CHYMOTRYPSIN IN CATARACT SURGERY 


Ben H. JENKINS 
Newnan, Georgia 


South. M. J., 1960, 53: 44-46 


Chymotrypsin, a pancreatic enzyme, was reported to dissolve devitalized pro- 
tein without injury to other tissues. Since it therefore seemed possible that it 
might safely be used to dissolve vitreous opacities, a 1: 1000 solution was injected 
into the vitreous of a 35-year-old woman who had been blind from birth from 
very severe vitreous opacities. Ten minutes after the second injection the lens 
floated free into the anterior chamber. While the effect on the vitreous was slight, 
it seemed likely that chymotrypsin might be a useful zonulolytic agent in cataract 
extraction. 

Two months later, a similar solution was injected into the vitreous of a patient 
with cataract, and greatly facilitated extraction. Her vision was 20/20. Since this 
time, a-chymotrypsin has been injected into the eyes of 127 persons as a zonulo- 
lytic agent. The ages of the patients were from 5 to 91 years. Although concen- 
trations were in some instances as much as five times that used at first, follow-up 
examinations did not disclose any pathology which could be attributed to the 
enzyme. , 

Barraquer in 1957 had a similar experience with chymotrypsin when he used it 
in an attempt to dissolve a massive hemorrhage into the vitreous. He carried out 
extensive experiments on rabbits and enucleated eyes, and concluded that the 
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action of the enzyme on the zonular fibers was highly specific and that it appar- 
ently had no effect on other structures in the anterior chamber. Lewis 
and Oglesby, corroborated by Bedrossian, found that chymotrypsin does not in- 
jure catgut sutures. 

Raiford’s recent review of 104 published cases disclosed 5 cases complicated by 
corneal edema, which, however, was easily reversed by hydrocortisone. Slight 
depigmentation of the iris has also been reported. 

A corneoscleral incision is made, and three 6-0 chromic gut or silk sutures are 
preplaced. Using a blunt cannula, 2 to 5 cc. of a 1:5000 dilution of a-chymotryp- 
sin in isotonic saline is injected into the posterior chamber. Zonulolysis takes 2 to 
4 minutes, which can be used for iridectomy if desired. The lens is then removed 
easily by a sliding movement with a Storz erisiphake. The chymotrypsin is 
washed out of the anterior chamber with normal saline, sutures are tied and other 
sutures added if necessary, and a small air bubble is introduced into the anterior 
chamber. 

The introduction of a-chymotrypsin is an advance in the safety of cataract op- 
erations and eliminates needling of small children’s eyes. While some surgeons 
report loss of vitreous in operating upon children, Raiford and I have removed the 
lenses from the eyes of 26 children under 15 years of age, and have had no com- 
plications. 


Comment: As is not infrequently the case the significance of an accidental clinical ex- 
perience is not appreciated and if it is, it is not reported. There seems to be no question 
that the author’s use of a-chymotrypsin preceded Barraquer’s observation by at least 2 
years. His observations parallel those of most others who have used the enzyme. 

A word of caution, however, should be made about the use of the enzyme. Though it 
facilitates delivery of the lens, there are many competent surgeons who feel that its 
routine use increases the incidence of complications. It should be used with discretion 
and will not make a smooth surgeon out of a heavy handed one. 

P. Ropp McDonatp 


STERILIZATION OF INSTRUMENTS AND MATERIALS WITH 
BETA-PROPIOLACTONE 


Henry F. ALLEN AND JoHN T. Murpuy 
Massachusetts Eye and Ear Infirmary, Boston, Massachusetts 


J. A. M. A., 1960, 172: 1759-1763 


Although §-propiolactone has been shown to have marked sporicidal, virucidal 
and fungicidal activity when used in aqueous form for sterilization of tissues and 
in the vapor phase for sterilization of enclosed spaces, it has attracted little atten- 
tion among surgeons and those concerned with sterilizing processes in general. It 
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is about 25 times more active as a vapor phase disinfectant than formaldehyde 
and about 4000 times more active than ethylene oxide when each substance is 
used under conditions of maximum effectiveness. It is easily removed by airing, 
nonflammable in the vapor state and nonexplosive. It requires a relative humidity 
of 75 per cent or higher for rapid kill and is relatively ineffective at lower humidi- 
ties. In aqueous solution it hydrolyzes to form 8-hydroxypropionic acid. The 
products of its hydrolysis are relatively nontoxic and have no microbicidal activ- 
ity. Although it is toxic to the skin, eyes and mucous membranes, it produces no 
immediate or delayed effect, provided it is washed off without delay. Inhalation 
of the vapor produces headache, sweating, tachycardia, “bounding” pulse, epi- 
gastric distress and malaise, but in view of the minute quantities required for 
sterilization, 8-propiolactone should present no hazard when properly handled. 

In most of the experiments reported here standard suture loops or paper strips 
each carrying about 5 X 105 dried spores (Bacillus subtilis strains or Clostridum 
sporogenes) were used as test objects. In other tests, plastic or metal carriers or 
instruments were immersed in or swabbed with suspensions. Viable organisms 
(Staphylococcus aureus and pseudomonas) were streaked on blood agar in Petri 
dishes to be exposed to 6-propiolactone. 

Objects were exposed to 6-propiolactone either by immersion in an aqueous 
solution or by exposure to the gaseous phase of the compound. In the former 
case, sterilization occurs within a few minutes and instruments are ready for use 
after rinsing; in the latter case, only after vaporization of a sufficient concentra- 
tion of the compound and of water. To provide a margin of safety and to speed 
sterilization enough liquid 6-propiolactone was used to produce a saturated vapor 
in the sterilizing chamber. 

A sturdy metal box, capacity 12 liters, was used for the experiments in which 
the liquid was heated in a stainless steel dish over a small resistance coil (50 watt). 
The coil was connected in series with a small motor-driven fan and the surface of 
the dish was in the air stream from the fan. Only 0.16 ec. of 8-propiolactone was 
needed to produce an equilibrium concentration in this container. The tempera- 
ture in the box reached 27 C. 

The second method used to promote vaporization of 8-propiolactone was atom- 
ization. Any jet atomizer that produces a sufficiently fine spray would be suitable 
for this purpose. We found that the DeVilbiss 33 pocket atomizer equipped with a 
DeVilbiss 40 bulb well suited to the small quantities involved. It must be used in 
the upright position and must therefore be inserted into a hole in the bottom of 
the chamber. Hermetic sealing is not required; however, there should be no circu- 
lation of air into the chamber nor appreciable diffusion of 8-propiolactone vapor 
to the outside during the sterilization period. 

For the third method of promoting vaporization an ordinary vacuum desic- 
cator, capacity 6.4 liters, was used. This was fitted with a rubber stopper and 
connected with vacuum tubing to a water aspirator or small vacuum pump. The 
time required to draw 29 in. of vacuum was less than 5 minutes. 

Sterilization times at 25 + 2 C. in equilibrium concentrations of BPL and 
water vapor were: Bacillus subtilis (var. niger), dry spores, 60 minutes; B. subtilis 
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(globigit), dry spores, 30 minutes; Clostridium sporogenes, dry spores, 60 minutes; 
Staphylococcus aureus, vegetative, 10 minutes; Pseudomonas aeruginosa, vege- 
tative, 5 minutes. 

During the past 14 months, 8-propiolactone vapor has been used by staff nurses 
for sterilization of ophthalmoscopes, electric cords, and lenses used in ophthalmic 
surgery at the Massachusetts Eye and Ear Infirmary. No complications have 
arisen from its use and no instance of postoperative infection has occurred after 
an operation in which 6-propiolactone was used. 


Comment: B-Propiolactone possesses strong bacteriocidal properties when employed as 
a vapor or in aqueous solutions and seems to possess considerable advantages for use in 
ophthalmology. It is toxic to tissues. It might be helpful if one were to determine the 
exact extent of its toxicity for ocular tissues. Earlier workers have pointed out that a 1 
per cent solution of 6-propiolactone was deleterious to corneal grafts. It may be that this 
substance will produce no effect on the cornea if it is washed out without delay as has 
been demonstrated to occur on skin. Although the vapor can produce headaches, sweating, 
tachycardia, malaise as pointed out by the authors when inhaled, no such symptoms 
appeared in the Massachusetts Eye and Ear Infirmary among the individuals employing 
this material. 6-Propiolactone would seem to have considerable advantages for steriliza- 
tion of ophthalmic instruments and the authors are correct in suggesting that every 
hospital have someone who is adequately prepared to employ it for ophthalmic purposes. 

Irvine H. LEopoip 


PRELIMINARY EXPERIMENTS AND POSITIVE INVESTIGATIONS 
OF THE PROBLEM OF ARTIFICIAL SELF-RESORPTION OF 
SENILE CATARACT WITHOUT OPERATION 


REINHARD FRIEDE 


St. Pélten, Austria 


Klin. Monatsbl. Augenh., 1960, 136: 43-52 


During the last half of the past century, 60 cases of senile cataract which ab- 
sorbed spontaneously were reported, and I have seen two such cases. It therefore 
seemed likely that such absorption might be induced. Studies were conducted 
using extracted human and animal lenses to determine the possibilities and to 
test various substances which might be used to resolve the opacity. Aqueous, 
sterile distilled water, various dextrose solutions, solutions of acetic or uric acid 
have been injected into patients’ eyes, varying the number of injections and the 
details of technique according to individual requirements. Cataracts have been 
reduced and the reduction has been followed by relatively simple surgical re- 
moval and then by discission. 
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Comment: Although the title of this paper suggests a nonsurgical approach to the 
senile cataract problem, the details of the procedure are far from exciting. In essence one 
injects solutions into the lens to hasten maturation and liquefaction. At a later time one 
must then open the eye to remove the residual lens, and finally a third surgical manipu- 
lation is required in doing a discission. The title remains most provocative. 

BERNARD BECKER 


ADVANTAGES AND INCONVENIENCES OF THE ENZYMATIC 
ZONULOLYSIS IN THE EXTRACTION OF CRYSTALLINE 
CATARACT 


R. Weexers, G. LA VERGNE, AND CL. STassart-HouRLAY 
Tiége, Belgium 
Bull. Société belge ophth., 1959, No. 120: 539-543 


At the 1958 Paris Congress of the French Ophthalmologic Society and the 
Brussels Congress 1958, J. Barraquer showed a remarkable motion picture on 
enzymatic zonulolysis in intracapsular cataract extraction. The principle is as 
follows: Injection of a solution a-chymotrypsin during surgery rapidly reduces 
the zonular resistance to traction and facilitates cataract extraction. This im- 
portant accomplishment was established by J. Barraquer experimentally in ani- 
mals and in a large number of cataract operations. It was confirmed in a short 
time by numerous European surgeons. 


MATERIAL STUDIED AND SURGICAL TECHNIQUE 


Of 48 extractions, 38 were senile cataracts, 7 complicated or predisposed to 
systemic disease, and 1 congenital. 

Quimotrase P.E.V.Y.A. 0.4 to 0.8 cc. is injected behind the iris (after perform- 
ing iridectomy) in equal parts at 3, 6, and 9 o’clock meridans and again at 2 and 
10 o’clock. Immediately after enzyme instillation in the posterior chamber, the 
anterior chamber and incision are well irrigated with normal saline solution. This 
irrigation is continued in the entire waiting period during which enzymatic zonu- 
lolysis takes place. We have not yet used an enzyme inhibitor for irrigation as we 
consider it unadvisable. The crystalline is grasped with forceps in 2 min. to 24 
min. maximum after the start of enzyme injection. In the great majority of cases 
the extraction with forceps is performed with great ease and the zonula offers a 
minimal resistance to traction. In rare instances zonulolysis is less evident. In 
some instances the enzyme seemed to destroy the zonule entirely and the lens 
became spontaneously dislocated into the anterior chamber. It is preferable to 
grasp the lens in the pupillary zone rather than searching for a grasp behind the 
iris. Actually, under these conditions, the classical low grasp is inadvisable for it 
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TABLE 1 
The Significant Finding Is the Increase in Late Anterior Chamber 
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Zonulolysis (38 cases) 
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predisposes to vitreous loss. One can also employ Smith’s maneuver and extract 
the lens (without grasping it) by simple pressure at 6 and counter pressure at 12 
o’clock. 

Our first impression about enzymatic zonulolysis was favorable. It is, however, 
tempered by the impression that the enzyme delays the normal cicatrization of 
the surgical incision and predisposes to iris inclusion and late flattening of the 
anterior chamber. The reason for this impression is a comparison of 55 senile 
cataract operated without the enzyme. The enzyme injection as used is carefully 
identified in the above 93 cases. All were operated by R. W. Table 1 gives a sum- 
mary of our observations. 

In nonenzyme cases, intracapsular surgery was accomplished on 92.7 per 
cent. In enzyme cases the percentage was 94.7 per cent. This is not too significant. 
It is our impression that enzymatic zonulolysis increases the frequency of (1) 
incisional dehiscences detected by biomicroscopy; (2) iris inclusion; (3) delayed 
loss of anterior chamber. This increase in the frequency of late anterior chamber 
loss is statistically significant and can definitely be ascribed to enzymatic zonu- 
lolysis. 

The mechanism of this complication is not clear as yet. It is plausible to admit 
that a-chymotrypsin, in spite of the precautions taken to wash it out of the 
anterior chamber, digests the margins of the surgical incision and retards the 
wound cicatrization. It is possible that in a large number of cases the dehis- 
cence of the wound and iris inclusion are statistically significant. These two 
complications are conceivably produced by the same cause as the late flat 
anterior chamber. It is not likely the consequence of aphakic glaucoma. We have 
in effect shown in a previous work that loss of the anterior chamber following 
cataract extraction results in a picture of goniosynechia seen by gonioscopy and 
increase of resistance to aqueous outflow (1953). The increased tension is not 
immediate, it does not become manifest until the suppression of aqueous secretion 
subsides, as is the general rule after intraocular surgery. This is the reason why 
it is impossible to judge the actual frequency of increased tension provoked by 
flatness of anterior chamber in the material employing enzymatic zonulolysis. 

Our experience with cataract in predisposing systemic disease is less important 
and does not permit a statistical study. We succeeded with four total extractions 
in four patients about 40 years old using enzymatic zonulolysis without running 
into immediate or late complications (bilateral cataracts in a high myope, 2 





270 SURVEY OF OPHTHALMOLOGY 


diathetic cataracts of unknown etiology, 1 secondary cataract, and 1 cataract in 
uveitis). An intracapsular extraction succeeded in a 19-year-old tuberculous 
diabetic who had a dehiscence of the wound 10 days postoperatively. We did not 
succeed in a total extraction in a 42-year-old man with complicated cataract nor 
in a 5-year-old child who had congenital nystagmus, microphthalmos and 
cataract. 

Enzymatic zonulolysis does not resolve all the problems which interfere with 
the intracapsular extraction in the young child. They are tied in with the absence 
of a retrolental space and the adhesion (intimate contact) between lens and 
anterior hyaloid. 


CONCLUSION 


As it concerns senile cataract it seems to us that it has not yet been demon- 
strated that the sum total of advantages and inconveniences of enzymatic 
zonulolysis is favorable to its use. 

The percentage of total extraction as compared without enzyme and those 
done with zonulolysis (92.7 against 94.7) is not statistically significant in 
the material at our disposal. 

On the contrary, the increase of flat postoperative chambers in enzyme cases 
is statistically proven and will undoubtedly eventuate in an increased number 
of postoperative aphakic glaucoma. 

One is justified in searching for the means of neutralizing the unfavorable 
effects of a-chymotrypsin by likely specific inhibitors. 


Actually the use of a-chymotrypsin does not seem indicated unless the intra- 
capsular surgery is presented with problems resulting from a tough zonula. 


Comment: This interesting and well written report of 46 cases of cataract extractions in 
which a-chymotropsin was employed for enzymatic zonulolysis details an unusually 
high incidence of flat postoperative chambers and failure of wound closures (dehiscence). 

This is contrary to the experience of reports of other European and American in- 
vestigators. 

The authors do not mention the use of any type of suture for incisional closure. Several 
hard tissue sutures either corneoscleral or scleral-scleral constitute the accepted practice 
in cataract surgery with lens extraction. Sutures of course prevent flat chamber formation 
and predispose to good wound closure. 

The editor’s experience in 200 cataract extractions with enzymatic zonulolysis was 
attended by one case of late shallow chamber and eight cases of filtering subconjunctival 
scars due to partial wound dehiscence. These were chiefly in cases which were sutured 
with mild chromic catgut. Two of the latter were resutured. Either five silk or nine cat- 
gut scleral-scleral sutures were used routinely. There were no instances of iris prolapse 
or inclusion. Other complications were rare. 

Enzymatic zonulolysis facilitates the separation of the tough zonula. Care should be 
taken to tuck the cornea against the tumbling lens during extraction or sliding techniques 
to strip Wieger’s ligament from the posterior lens capsule. This helps prevent vitreous 
loss. The editor now employs enzymatic zonulolysis routinely in adults except in the 
fellow eye of a previously operated case with mildly or nonresistant zonula. 

H. E. THorre 
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External Disease 
OCULOGLANDULAR CAT-SCRATCH DISEASE 


GERARD VAN LEEUWEN AND CLEMENT E. BROOKE 
Department of Pediatrics, The University of Missouri School of Medicine, Missouri 


A. M.A. J. Dis. Child., 1960, 99: 667-668 


The recent American literature contains only !6 proved instances of the oculo- 
glandular form of cat-scratch disease; the present is the fifth case reported in 
pediatric literature. 

An 11-year-old white girl was first seen in consultation in September 1958. The 
general appearance was that of a normal, healthy child except for an obvious left 
preauricular swelling, periorbital swelling, and erythema of the left eye. The pre- 
auricular swelling measured 6 by 4 cm. and was hard, raised, red, and nontender. 
A left upper cervical lymph node 4 cm. in diameter was also palpable. On the 
medial surface of the left palpebral conjunctiva was a 1 cm. granulomatous lesion 
with a centrally depressed ulcer about 5 mm. in diameter. This area was sur- 
rounded by conjunctival injection. A complete blood cell count at the time of 
admission was within normal limits. On the third day the patient’s temperature 
rose to 102 F. orally. A repeat blood count revealed 65 per cent atypical lympho- 
cytes. On the 8th day 3 ml. of purulent sterile fluid was aspirated; aspiration of 
the preauricular node was repeated 2 days later. 

After aspiration the fever disappeared. Cat-scratch antigen was then available. 
The patient demonstrated a strongly positive reaction to two previously tested 
antigens. At 48 hours there was an area of erythema 3 cm. in diameter with 1 cm. 
induration on one forearm and similar lesions on the other. The induration per- 
sisted for several days. Only 1 month after admission a small preauricular fluctu- 
ant mass regressed completely. 

Until recently a patient presenting with the oculoglandular symptom complex 
was ordinarily thought to have tuberculosis, tularemia or leptotrichosis. Cat- 
scratch disease may prove to be a commoner cause of this complex. It is important 
to suspect and make the diagnosis early. The present case further emphasizes the 
importance of careful examination of the conjunctivae in the presence of pre- 
auricular lymphadenopathy. 


Comment: The oculoglandular form of cat-scratch disease is quite uncommon and 
therefore case reports such as this serve to remind us of the syndrome. In a study by 
Spaulding and Hennessy (Am. J. Med., 1960, 28: 540), this manifestation was apparently 
not encountered in 83 cases. 

The exciting new development in cat-scratch disease is the evidence of a viral type of 
hemagglutination of rabbit-erythrocytes by pus from cases of cat-scratch disease de- 
scribed by Dodd, Graber, and Anderson (Proc. Soc. Exper. Biol. & Med., 1959, 102: 
556). A viral etiology has been postulated for years, but no virus has yet been demonstrated 
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by any of the usual techniques. This recent observation may ultimately lead to verification 
of the viral etiology. 


LEONARD APT 





REFRACTION 


OCULAR, ANATOMIC, AND PHYSIOLOGIC CHANGES DUE TO 
CONTACT LENSES 


C. J. Buack 


Elmhurst, Illinois 


Illinois M. J., 1960, 118: 279-281 


A contact lens is a prosthesis. Its function is to replace by its own convex sur- 
face that of the anterior surface of the cornea. We cannot expect that contact 
lenses would not alter the physiology and the anatomy of so highly specialized a 
tissue as the cornea. If these plastic prostheses are to be worn successfully with no 
pathological changes, an adaptation of this specialized tissue to its environment 
must occur. 

To maintain corneal transparency, corneal metabolism must be maintained. 
Proper corneal metabolism is dependent on adequate precorneal fluid circulation, 
adequate limbic vascular circulation, and proper maintenance of aqueous humor 
properties, as well as the maintenance of the integrity of the epithelium against 
mechanical forces of the pressures and motion of the lens that occurs on blinking, 
particularly at the apposition of the contact lens and the cornea. 

Haze and halo formation on wearing a contact lens are thought to be due to the 
imbibition of fluids, particularly by the mucoid material that surrounds the col- 
lagenous corneal fibers of the stroma, causing a swelling of the cornea, separating 
the lamellae, and probably changing the refractive index of the intrafibrillar fluid. 
Relief of the pressure of the lens at 3 and 9 o’clock by indentations fabricated in 
the scleral lens flange resulted in correcting halo formation. A rise in intraocular 
pressure was reported when corneal scleral lenses were worn. Animal experiments 
seem to imply that anaerobic conditions under a contact lens use the glycogen 
stores more rapidly to a point of exhaustion followed by imbibition of fluid. 

It may be summarized that patients wearing contact lenses may experience 
varying degrees of corneal disruption. Chronic corneal physiological changes are 
probably (1) an adaptive alteration of carbohydrate metabolism and ribonucleic 
acid metabolism enabling the cornea to live in its new environment, and (2) an 
alteration of sensitivity of the cornea. The anatomical shape of the cornea may be 
altered insofar as its radius of curvature is concerned as measured by the kera- 
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tometer. No other chronic changes are evidenced clinically except occasional tran- 
sient, small areas of stippling that stain with fluorescein, or nonstaining areas of a 
grayish stippling that give the epithelial surface a speckled effect. 

Corneal sensitivity changes occur. Patients experience no pain on removal of 
the lenses, yet may have a severe punctate keratitis caused by overwearing their 
lenses during the acclimation period. In about 2 hours a pain occurs with blepho- 
spasm and photophobia severe enough to necessitate treatment. A contact lens 
patient may appear in the office with no signs of disorder; this does not preclude 
the possibility that he may have moments when some transient stippling or con- 
junctival injection occurs. These patients do have their good and bad moments. 

Flat lenses, i.e., those fitted with a greater inside radius of curvature than that 
of the center of the cornea, tend to warp the cornea, making it flatter and the 
patient more myopic. They cause stippling or mottling at 12 o’clock or occasion- 
ally at the center of the cornea with conjunctival injection photophobia as well as 
halo and hazing. Later the eye becomes painful, more so on the removal of the 
lens. The motion and pressure of the lens are transmitted over an inadequate 
area. Steep lenses, 7.e., those fitted with a shorter inside radius of curvature than 
that of the cornea, tend to warp the cornea making the areas steeper. Poor pre- 
corneal fluid flow results in microbullae formation near the center of the lens. 
Stippling occurs occasionally over the bearing area. The usual sequence of con- 
junctival injection, photophobia, burning and stinging, hazing, and finally pain 
and opacification occurs if this relationship is allowed to continue. Because of the 
irregularities of the highly astigmatic cornea, precorneal fluid flow is more easily 


maintained. Highly astigmatic corneas more or less conform to the inner surface 
of the lens. 


Comment: Much has been written about the importance of motivation for successful 
wearing of contact lenses. However, it seems that many patients are easier satisfied with a 
fit than are their ophthalmologists. Patients with keratoconus have been enthusiastic 
about their corneal lenses. Slit lamp examination has shown some of them to have large 
staining abrasions. As in the control of wide angle glaucoma, the fit of corneal lenses must 
be evaluated more by objective means than by the patient’s subjective sensations. 

Like the glaucoma patient, the contact lens wearer must follow directions and keep 
appointments if he is to stay out of trouble. Most severe complications from contact 
lenses are the result of sudden large increases in wearing time, unauthorized by the fitter. 

Only a patient who has enough sense to be trusted with a loaded gun should be given 
corneal lenses. For, make no mistake, when you fit a patient with corneal lenses, you are 
handing him a loaded gun, which will remain pointed at your professional reputation. 
It is a tribute to the recuperative powers of the human cornea that this gun is not ac- 
cidentally fired more often than it has been. 


Owen BELMONT 
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UVEAL TRACT 
PHENYLBUTAZONE IN TREATMENT OF POSTOPERATIVE IRITIS 


Louis Darty AND Ray K. Datty 
Houston, Texas 


Eye, Ear, Nose, & Throat Month., 1960, 39: 577-581 


Phenylbutazone (Butazoladin), a synthetic pyrazole derivitive, with pro- 
nounced anti-inflammatory effects, has been used chiefly in the treatment of 
arthritis. A combination of this drug with aminopyrine (Irgapyrine) has been 
used by some European ophthalmologists to control inflammation in cases of 
iritis or other eye conditions. 

Bunim (1953) tabulated the differences between cortisone and phenylbutazone 
showing: They are similar in that (1) both are antirheumatics; (2) both induce 
sodium and water retention; (3) both activate peptic ulcers in some cases; (4) 
the mechanisms of action are still obscure. Phenylbutazone differs from cortisone 
in that: (1) it does not maintain adrenal function in animals after removal of 
the hypophesis; (2) it does not, as judged by the Sayers’ ascorbic acid depletion 
test, act directly on the adrenal cortex; (3) it does not affect excretion of 17- 
ketosteroids; (4) it does not cause eosinopenia or lymphopenia. Unlike cortisone, 
phenylbutazone does not affect the sodium or potassium content of the saliva, 
increase potassium excretion in the urine, or alter the glomerular filtration rate, 
nor does it increase uropepsin secretion in the stomach. When it is used in treating 
rheumatic diseases, improvement is associated with reduced erythrocyte sedimen- 
tation rate or disappearance of C-reactive protein. 

According to this same summary, phenylbutazone does not cause anemia, 
granulocytopenia, agranulocytosis, or thrombocytcpenic purpura. It is not 
associated with stomatitis, hepatitis, anorexia, or nausea, nor is its use associated 
with signs of hyperadrenocorticalism or increased susceptibility to infection. 

Over 1300 papers on phenylbutazone include very few on its effects on the eye. 
Various observers have reported that intramuscular injection prevents inflamma- 
tion in the anterior chamber of the rabbit, but that the drug does not penetrate 
the aqueous. Subconjunctival injection has, however, led to definite concentra- 
tions of phenylbutazone in the aqueous. 

The literature on the use of phenylbutazone in the treatment of arthritis 
reports toxic effects in from 25 to 45 per cent of cases, and recommends its use 
only in severe cases, in cases unaffected by other treatment, and for brief periods 
only, under the most careful supervision. Some recent investigators, however, 
believe that the toxicity of phenylbutazone has been exaggerated and that these 
adverse reports can often be traced to unwise selection of patients or administra- 
tion without adequate safeguards. Comparisons of the action and toxicity of 
phenylbutazone with those of cortisone and aspirin do not suggest that phenyl- 
butazone is exceptionally toxic when correctly employed. 
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In the course of the last 5 years we have used phenylbutazone according to the 
direction of the manufacturer in treating over 100 cases of postoperative uveitis. 
For 3 days we gave 200 mg. three times a day, and for the next 3 to 7 days gave 
100 mg. three times a day, usually discontinuing the drug after 6 days and rarely 
continuing its use over 10 days. Patients were instructed to discontinue the drug 
at, once on the appearance of sore mouth or tongue, or black tarry stools, and 
to report any unusual occurrence. Aspirin or sodium salicylate were given for 2 
to 3 weeks after discontinuation of phenylbutazone. 

Signs of iritis were reduced somewhat in 24 hours, and decidedly better in 48 
to 72 hours. Reduction of the dose after three days did not lead to exacerbation, 
and anti-inflammatory effects tended to persist after withdrawal of the drug. 
Only 3 patients reported toxic symptoms, and in both instances withdrawal of 
the drug resulted in prompt reversal of the trouble. 


Comment: There is no doubt that phenylbutazone can be helpful in allaying the inflam- 
matory signs accompanying uveitis. The mechanism by which this is brought about is 
still undecided. This is a useful drug in patients with uveitis who do not respond to other 
forms of nonspecific medication. It has undesirable side effects most important of which 
are the possibilities of blood dyscrasias and disturbance of the gastrointestinal system. 

Irvine H. LEOPOLD 





CONJUNCTIVA 


THE SMALL BLOOD VESSELS OF THE CONJUNCTIVA 
AND NAIL BED IN ARTERIOSCLEROSIS 


Ext Davis AND JAcoB LANDAU 
Jerusalem, Israel 


Angiology, 1960, 11: 173-179 


The study of conjunctival vessels and of capillaries in the nail beds of patients 
with arteriosclerosis have been compared with similar observations on patients 
with hypertension and on controls. This study is reported because the implica- 
tions seem useful for diagnosis and therapy. 

Eighty patients with typical symptoms of arteriosclerosis were given laboratory 
tests, x-ray examinations, split-lamp study of the conjunctival vessels, and 
microscopic investigation of the nail-bed vessels. Unlike the patients in an 
earlier study, only patients whose fundi could be examined by ophthalmoscope 
and whose capillary pressure could be measured were included. For comparison, 
100 patients with hypertension, 50 sick persons without arteriosclerosis or 
hypertension, and 25 well persons were used. 
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Certain patterns were found to recur in the conjunctival vessels of patients 
with arteriosclerosis: (1) A long, straight, pale arteriole accompanied by a parallel 
and sometimes kinked venule traversed the length of the bulbar conjunctiva. This 
pattern occurred as 61 per cent of the patterns observed in arteriosclerotic 
patients. (2) A group of parallel straight segments of venules were conspicuous 
in a section of the conjunctiva; this pattern comprised 14 per cent of those 
associated with arteriosclerosis. (3) A combination of the two patterns occurred 
in 7 per cent of the 57 patients who had these signs. The arterioles were markedly 
thinner than normal in comparison with the venules. 

The capillaries of the nail bed were crisp, rigid, kinked, and clustered, and 
about three times the usual number were visible running lengthwise. The sub- 
capillary venous plexus was conspicuous and sometimes resembled the long 
conjunctival vessels. These findings were characteristic of arteriosclerotic 
patients, but were not uncommon in patients with hypertension over the age of 
29 and in otherwise healthy persons over 56. The conjunctival pattern was 
commoner than that of the nailbed; both were present in 23 patients with 
arteriosclerosis, the conjunctival but not the nailbed pattern were present in 34, 
the opposite was true in 10, and both were absent in 13 patients. Five of the 
latter group were over 70 years of age. One or the other vascular abnormality 
was observed in 83 per cent of the patients. The combination of signs was rare 
in any control, but did occur in two elderly persons. Age had little influence on 
the incidence of the vascular signs in arteriosclerosis, but they increased notice- 
ably with age in controls. 

The fundi of 57 per cent of arteriosclerotic patients also showed signs of 
arteriosclerosis in the vessels. Twenty fundi showed signs of both hypertension 
and arteriosclerosis. The conjunctival sign was present in 40 patients with 
arteriosclerotic fundus vessels and the nailbed sign in 25. The signs of arterio- 
sclerosis in the conjunctiva and nailbed were present in 20 per cent of controls 
who had no clinical signs of arteriosclerosis and had normal fundi, and were 
present with signs of arteriosclerotic fundi in 16 per cent of these patients. Fundus 
vessels were arteriosclerotic in 40 per cent of the sick and 28 per cent of the 
healthy controls. One or the other sign was present in 30 per cent of all controls 
over the age of 56. 

Severe capillary narrowing was less frequent and less in degree in arterio- 
sclerosis than in hypertension, but moderately narrow arterioles were usual. 
Capillary pressure was high in hypertension but did not vary in other persons. 

It is suggested that these abnormalities of conjunctival and nailbed vessels 
are useful in diagnosis of arteriosclerosis. 


Comment: If further studies of the small vessels of conjunctiva and nailbed show de- 
finitely parallel alterations to those of the retinal vessels in systemic arteriosclerosis, 
hypertension, etc., examination of these areas could take the place of the ophthalmoscopic 
examination whenever the latter is impossible on account of cloudy media. 

Experience, not easily acquired, not only with pathological patterns but also with 
physiological variations, would be a prime requisite for valid interpretations of vascular 
changes in these areas. 

BertHa KiiEeN 
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ORBIT 
GIANT MUCOCELE OF THE FRONTAL SINUS 


GEORGE W. SMITH AND MARCELINO CHAVEZ 
Augusta, Georgia 


J. Neurol. Neurosurg. & Psychiat., 1960, 23: 179-181 







































A naso-mucocele is a benign lesion consisting of a thin-walled capsule of 
fibrous material enclosing sterile, thick, tenacious mucous substance, within a 
nasal sinus. It occurs most frequently, in the following order, in the frontal, 
ethmoic, and sphenoid sinuses, but rarely in the maxillary sinuses. Usually it is 
unilateral. The lesion originates as a cystic dilatation of a mucous gland within 
the lining membrane of the sinus, starting most commonly during the second 
decade of life, and growing very slowly. Gradually the constant pressure of the 
enlarging lesion erodes bone and displaces neighboring structures. The septa 
disappear first, followed by the medial and inferior walls; but, though they may 
be thinned, the inner and posterior walls are more resistant to erosion. 

Because of its insidious development, mucoceles may not cause severe symp- 
toms for many years. The most constant complaint is variably severe headache, 
and fullness in the head and cheeks. Though epiphora is frequent, nasal discharge 
is unusual. Since the most striking sign is often displacement of the orbit, patients 
often go first to the ophthalmologist. The displacement, which may reach the 
point of actual extrusion of the orbit, is downward, forward, and outward. If 
the posterior bone is eroded so that the lesion is in contact with the dura mater 
or brain, there may also be pulsation. 

Radiograms show increased translucency in areas of bone erosion and irregu- 
larities due to bulging of the lesion through parts which have been fully eroded. 
The most constant radiographic picture is the absence of scalloping within the 
sinus, with smoothing of the bone edged by sclerosis; the latter may be dense 
enough to suggest osteoma or underlying meningocele. Problems of differential 
diagnosis include: orbital or nasal meningocele, inflammatory or neoplastic 
lesions of the sinuses, epidermoid or hydatid cyst, and intracranial or orbital 
meningioma. 

A case is reported with an enormous frontal mucocele occluding the right eye 
and extending in the frontal region toward the left side and over the nose. The 
lesion was removed through a coronal incision, and the patient recovered with 
no neurological sequelae except squint and diminished vision on the right side 
because of retinal degeneration in the macular region. 

Even if symptoms are mild, the mucocele should be removed surgically and 
drainage instituted in order to prevent changes in bone, brain, or orbit. If the 
lesion is not large, the Caldwell-Luc method or the Lynch radical frontal exposure 
may be sufficient. An intranasal operation may be adequate if the lesion involves 
only the ethmoid sinus. The endonasal approach is used in cases of sphenoid 
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mucocele. However, if the lesion has eroded the posterior plate or frontal bone, 
or if the supraorbital plate has been depressed, a coronal incision is preferable, or 
even necessary. 


Comment: The surgical approach to most mucoceles of the sinuses falls within the field 
of the otolaryngologists. In one the size of that reported here the neurosurgical approach 
was definitely to be preferred. 

It is surprising how long patients may have such swellings without seeking medical 
advice. The suspected diagnosis is usually confirmed by x-ray of the sinuses though on 
occasion a tumor may simulate a mucocele. These patients frequently consult an ophthal- 
mologist first because of a swelling about the eye and diploplia. The surgical treatment, 
however, is usually beyond the scope of the ophthalmologist. 

P. Ross McDonatp 





TRAUMA 


FRACTURES OF THE SKULL: OPHTHALMOLOGICAL 
SIGNIFICANCE 


Tue CHartes H. May Memortat LECTURE 


FraNK B. Wats, Joun W. McMEkEL, anp ADoLF NEETENS 


Bull New York Acad. Med., 1960, 36: 238-262 


This work concerns the subject of nonpenetrating injuries of the skull which 
may be associated with eye signs on the basis of fracture alone. Part I of this 
communication mentions pertinent anatomy and physics as concerns fractures of 
the skull. The effects of trauma are not only dependent upon the areas of strength 
and weakness in the skull, itself and its supporting membrane, the dura, but 
upon the nature of the trauma which is equally important. The tentorium and 
the falx cerebri, which are merely reduplications of the dura, are supporting struc- 
tures. They are important largely because of their relative immobility, which 
accounts for brain injury resulting from shearing stresses and pressure effects at 
their margins. A review of the anatomy is followed by a discussion of force and 
velocity with the latter divided into forces of acceleration and deceleration. 
Stress is a measurement of force applied per unit area; it can be a measurement 
of push or pull or of a shearing stress. Shearing stress is obviously responsible 
for the majority of the vascular complications in cerebral injury in non-per- 
forating head trauma. 

A blunt object moving at varying velocity may result in: (1) a depressed 
fracture at the site of impact; (2) a linear fracture, located away from the site 
of impact or when the force is of lesser intensity, only one linear fracture may 
occur, in an area of greatest weakness. It has been determined that blows in the 
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midline occipital region generally produce basal fractures, extending into the 
posterior and middle fossa. 

Blows to the frontal region, to the vertex and to the temporal region are likely 
to result in fracture extending into the floor of the anterior cranial fossa, and 
less often into the middle fossa as well. 

Considerable attention is then given to fractures of the orbit. 

1. Direct injury to the frontal region. Here there is likely to be fracture of the 
posterior portion of the orbital roof because of its relative thinness, associated 
with cranial nerve palsies and loss of vision. Particular mention is made of frac- 
tures in the optic canal. It is of interest to note that since Lillie and Adson re- 
ported their original cases, no case had been found by the authors, nor by several 
other large clinics, although Watts observed fracture of the optic canal with a 
spicule of bone entering the optic nerve. It is therefore obvious that such lesions 
are quite rare. 

2. Direct injury to the facial region. Many of these fractures are without 
ophthalmic interest, other than those involving the floor of the orbit, wherein 
diplopia and enophthalmos may be involved, though this was not emphasized 
in this portion of the paper. 

Part II describes topical diagnostic features of fractures of the skull and 
orbits. Exophthalmos is of considerable interest, and is usually due to hemorrhage 
into the orbital tissues. Enophthalmos, as stated above, is concerned with the 
fracture of the floor of the orbit. This is usually not noted until several weeks 
after the accident has occurred. Emphysema is an important clinical finding and 
usually implies a fracture of the lamina papyracea of the ethmoid. Of clinical 
importance is the differentiation between a “black eye,” the result of a direct 
blow, and what occurs after fracture of the skull is important. In fracture, the 
extravasated blood is limited sharply by the palpebral fascia to the orbital 
margin. It tends therefore to be circular. In “‘black eye,” there is no such limita- 
tion. In addition, “black eye” produces conjunctival hemorrhage, which is 
movable, whereas in fracture, the hemorrhage is subconjunctival. In fracture 
cases, there is no posterior limit to the conjunctival hemorrhage and it tends to 
be fan-shaped, with the handle of the fan toward the iris. In injury to the optic 
nerve, the majority of cases shows no fracture. It is important to remember that 
if recovery of vision has been made, it is extremely rare that it deteriorates 
subsequently. Loss of vision is usually immediate and often quite complete. The 
etiology in such cases is most probably injury at the level of the optic canal, thus 
explaining the development of pallor three weeks after injury. This is undoubt- 
edly due to interference with blood supply to the nerve. It is emphasized that 
hemorrhage into the optic nerve is not responsible for loss of vision. Other sub- 
jects covered with some completeness were the cavernous sinus syndrome and 
carotid cavernous fistulas. 

In conclusion, therefore, the authors state that: 

“1. Trauma to the skull or orbit may result in ocular symptomatology whether 
or not an associated fracture is present. 

2. The mechanics of skull fracture have been outlined briefly. 
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3. Trauma to the anterior skull and orbit are likely to produce ocular symp- 
tomatology, whereas trauma to the posterior skull rarely does so. 

4. Fractures in themselves are relatively unimportant. It is the injury that is 
associated with fractures which is significant. 

5. In this paper no mention has been made of coup and contrecoup, shearing 
stresses, herniations and vascular lesions, all of which remain to be considered 
in subsequent communications.”’ 


Comment: The significance of this work lies not only in its completeness but in the 
authenticity to which it is backed up by the volume of knowledge and material collected 
by Dr. Lindenberg, whose principle interest has concerned trauma to the central nervous 
system over many years. Emphasis has been placed in the proper areas concerning opthal- 
mological signs without entering into the area of physics and physiology of trauma beyond 
the scope of interest to ophthalmologists. Excellent illustrations are given but unfor- 
tunately exclude some of the very fine pathological pictures in the collection available 
to the authors. To anyone who has even an occasional contact with traumatic cases this 
work is recommended highly. 

Tuomas R. Heposs, Jr. 


TRAUMA TO THE HEAD AND ASSOCIATED OCULAR SIGNS 


F. B. WausH AND D. L. Knox 
IN COLLABORATION WITH R. LINDENBERG 


Canad. J. Surg., 1960, 3: 203-224 


The present communication deals with injuries to cranial blood vessels and 
the resulting ocular signs. The first discussion is that of fistula between carotid 
artery and cavernous sinus. Although trauma is the most common ideological 
factor, in some instances the artery ruptures spontaneously. It is the most 
common cause for pulsating exophthalmos. A complete discussion of the signs 
and therapy point up the following facts: Bilateral fistulas are quite rare. Bruit 
is the most common sign found in almost 90 per cent of cases. In the presence of 
swelling of the eyelids, chemosis or exophthalmos, bruits may be missed. And, 
although a bruit may be heard in other conditions, the recognition of a bruit by 
a physician, whether or not the patient is aware of it, is usually indicative of 
arterio-venous fistula. 

Pulsation of the globe is most easily seen in the dilated vein on the globe and 
may also be easily picked up by using a tonometer. 

Exophthalmos is usually unilateral in the homolateral eye, but may become 
bilateral when the intercavernous sinuses become dilated. Usually exophthalmos 
progresses and may disappear or be greatly reduced within hours after success- 
ful operative intervention. Contralateral signs in this condition are of interest, 
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though they are infrequent. This is true to bruit as well as exophthalmos. Cranial 
nerve palsies and headache are undoubtedly dependent upon the extent of 
involvement as is visual disturbance and changes in the ocular fundi. Therapy 
of this condition urges early operation, although no precedure yet devised is 
guaranteed to give permanent relief in all cases. In some instances ligation of the 
common or of the internal carotid artery is sufficient; however, at this time there 
is a distinct tendency towards (1) early arteriography, and (2) a combined 
procedure of ligating the carotid artery both intracranially and in the neck. 

The authors then describe aseptic thrombosis of the cavernous sinus, a rare 
occurrence, and go on to describe the ocular complications of angiography. As 
regards the latter, the authors feel that it is probably advisable to avoid bilateral 
filling of the carotids in patients who have had cerebrovascular accident. 

Extradural and subdural hematomas are then described and are well illustrated 
with neuropathological material. Ophthalmologists are most familiar with the 
chronic subdural hematoma, since the acute variety constitutes a surgical emer- 
gency. Extradural (epidural) hemorrhage is now felt to be caused by venous 
bleeding rather than middle meningeal artery trauma, as most of us have been 
taught. Ocular signs are similar to those observed in some cases of chronic sub- 
dural hematoma. Pupillary widening with slow or absent response to light, or 
transient widening is important because in the majority of instances such pupil- 
lary change is on the side of the lesion although occasionally the dilated pupil is 
contralateral to the lesion. 

Chronic subdural hematomas are frequently found in children from early 
infancy to 2 years of age, and in adults from 20 years to late adult life. Why there 
is a hiatus in age is not known. The average latent period in symptomatology is 
3 weeks, at which time infants show convulsion and progressive enlargement of 
the head. 

Bilateral lesions are much more numerous in infants than in adults. In adults 
headache, drowsiness, mental confusion and irritability are characteristic. The 
third nerve is involved through: (1) Herniation of the hippocampal gyrus pressing 
on the nerve at the edge of the clivus, or where the nerve passes between the 
superior cerebellar and posterior cerebral arteries; (2) distortion of the midbrain 
may produce pressure on one or other third nerve; (3) hemorrhage into the mid- 
brain. As stated above, the pupils may be involved by these mechanisms on the 
contralateral side, although they are most commonly involved on the homolateral 
side. Conjugate deviation of the eyes away from the side of the lesion and the 
occasional occurrence of exophthalmos is mentioned. Papilledema occurs in 17 
to 50 per cent of all cases, and in adults hemorrhages present are those of the 
nerve fiber layer variety, whereas in children, they are subhyaloid. The reviewer 
has most commonly seen these as subretinal hemorrhage immediately surround- 
ing the disk, a finding that does not occur in adults. Visual field defects and 
extraocular muscle palsies are also summarized. 


Comment: The material presented in this rather extensive review does not lend itself 
to summary, however, the reviewer would like to emphasize the importance of this work, 
since it concerns personal observations by people with wide experience both in the clinical 
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and pathological aspects of head trauma. It is self-evident that through such correlated 
clinical and neuropathological studies, our knowledge of many neuro-ophthalmological 
conditions will be advanced. It is also obvious that a great deal of our clinical material 
will come from autopsy material obtained from coroners’ cases, usually related in some 
way to head trauma. It is hoped that with the further progress of such studies done by 
Dr. Walsh in collaboration with Dr. Lindenberg, we shall all benefit by their continued 
excellent and arduous work. 

Tuomas R. HeEpGEs, JR. 





PEDIATRIC OPHTHALMOLOGY 


IMPAIRED OR ABSENT FUNDUS REFLEX IN INFANTS 
AND CHILDREN 


Wiru EspectAL REFERENCE TO OBSTRUCTION BY CATARACT 


JosHuA ZUCKERMAN 
New York, New York 
Arch. Pediat., 1960, 77: 14-28 


Normally if light is directed toward the fundus from the ophthalmoscope from 
a distance of about 20 inches, the reaction is red. The light may, however, be 
obstructed by many factors, some peculiar to infancy and others common also 
in adults. Although infants’ eyes are difficult to examine, the history, the mental 
and physical development, and repeated examination should lead to diagnosis. 

Examination is facilitated by dilating the pupil and using direct focal illumi- 
nation with a magnifying loupe and the ophthalmoscope. Many opacities can 
be studied by rotating a +10.00 D. or +12.00 D. lens before the aperture in the 
ophthalmoscope, which may be held close to the eye and tilted as necessary. The 
site of an opacity in the anterior or posterior part of the lens is shown by paral- 
lactic displacement. 

Examination for opacities begins with the cornea and anterior sixth of the coat 
of the eye, and continues progressively deeper. The number of pupillary openings, 
and the position, shape, size, and equality of reaction of the pupils should be 
noted, and the extent of any obstruction to the pupil determined. Partial or 
complete obstruction may be caused by persistent pupillary membrane, or- 
ganized inflammatory exudate, secondary membrane, blood purulent or fibrinous 
exudate, cyst or tumor of the anterior chamber, glioma, or cataract. 

If no abnormality or obstruction of the pupil is disclosed, the lens should be 
examined through a fully dilated pupil, which will show a cataract appearing 
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black against a red ground. The part of the lens which is present before birth 
is limited anteriorly by a Y-shaped suture and posteriorly by a suture in the shape 
of an inverted Y. Successive layers are added to the lens after birth. 

The lens may be congenitally absent, or missing because of trauma or opera- 
ation. In cases of aphakia the anterior chamber is deep, the iris tremulous, and 
the fundus details small. The lens may also be variously dislocated, either con- 
genitally or as a result of trauma, myopia, or buphthalmos. Stellate or tripolar 
brown spots on the anterior surface of the lens may be congenital or follow iritis. 
Iritis may also cause adhesions between the lens and iris. Iridocyclitis may also 
be present. 

While it is now always possible to predict the rate at which lens opacities may 
develop, most can be classified as relatively stationary or progressive. Stationary 
cataracts include anterior capsular, and polar, coronary, some types of lamellar 
and posterior capsular cataracts, and also punctate forms. In general sharply 
deliniated opacities are stationary while soft fluffy ones are likely to progress. 

Some cataracts are congenital, others are acquired, the latter associated with 
local or general physical conditions. Either may represent familiar tendencies. 
Cataracts due to local direct or indirect trauma are usually stellate or in the form 
of rosettes. Both trauma and other causes may operate, especially in children. 
After perforating injuries the entire lens may be absorbed up to the 25th year 
by a proteolytic process, which may or may not be accompanied by a variably 
intense reaction, and associated with glaucoma due to blockage of the angle by 
swollen lens fibers. Such cases may require operation, using the methods em- 
ployed for adult cataract. On the other hand, the damage to the capsule may 
heal, and linear extraction then is necessary after 6 or more months. Traumatic 
cataracts due to contusion may clear, remain stationary, or progress. Children’s 
eyes are sensitive to irradiation. Transparency depends on vitamin C and calcium. 

General causes of cataract include diabetes, malnutrition, fever, endocrine 
disturbances, neurodermatitis, and toxemia. Therefore the general condition of 
the child must also be carefully determined. Some types of cataract are asso- 
ciated primarily with particular diseases. 

Decision to operate depends on how much the opacity interferes with vision, 
whether the cataract is stationary or progressive, whether cataracts are present 
in both eyes or only one, and on the general condition of the child. When opera- 
tion in infancy is indicated, it should be performed between the third and the 
sixth month so that the retina will develop normally in response to light. Dis- 
cission is the preferred procedure up to the 25th year. 


Comment: The pediatrician who encounters an impaired or absent fundus reflex will 
find Dr. Zuckerman’s article a useful, concise review. Some of the simple diagnostic points 
and the discussion may be helpful even to the ophthalmologist. 

The pediatrician who detects an abnormal fundus reflex deserves notable praise. 
Too frequently the ophthalmologist finds that the pediatrician fails even to test the 
visual acuity of a child. Perhaps constant emphasis on the importance of ophthalmic ob- 
servations by the pediatrician as described in articles such as this may bring results. 
LEONARD APT 
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ASSOCIATION BETWEEN MATERNAL DISEASE DURING 
PREGNANCY AND MYOPIA IN THE CHILD 


Peter A. GARDINER AND GRIFFITH JAMES 


Brit. J. Ophth., 1960, 44: 172 


In a survey of mothers of children with congenital myopia, toxemia occurred 
in 50 per cent of the 38 cases in the myopic group. Toxemia included hyperten- 
sion, pre-eclampsia, eclampsia and renal disease. In an additional 25 per cent of 
those mothers where toxemia was not recorded a history of well defined maternal 
disease was obtained. The myopia was greater than 4 diopters in all cases. 

By contrast, in the mothers whose children had other visual defects than my- 
opia, only 13 per cent gave a history of toxemia and 5 per cent had other disease. 
Prematurity was not a feature in either the myopic or control series. The mean 
birth weight was approximately 7 pounds in the two groups. In 14 cases of my- 
opia where there was information about siblings, only one showed a similar degree 
of myopia. The authors state that their data on siblings in theirseries were limited. 

The data demonstrated an apparent association between maternal disease and 
infantile myopia. The authors postulate that a fault of the uterine environment 
and not of the eye itself may be a prime cause of congenital myopia. They state, 
“Tf it is true that the premature eye is always myopic, then it follows in our series 
some change in the later stage of pregnancy has failed to occur in the eye, and 
that these children are in fact born with “premature” eyes, though the rest of the 
body is fully developed.” 

The authors conclude that congenital myopes are born far more frequently 
after pregnancies complicated by serious illnesses than children with other visual 
defects. They suggest that more intensive research should be directed to this 
problem. 


Comment: The authors have demonstrated an association between congenital myopia 
and serious maternal disease during pregnancy. Their data are significant at a P value of 
<0.01. It is important that prematurity was not a factor in the myopia, as myopia has 
been found to be associated with prematurity in several studies. 

In the discussion it is suggested that while the entire infant developed normally his 
eyes were “premature” by virtue of being myopic. The inference that these eyes are pre- 
mature by virtue of myopia is confusing as the generally accepted use of the term “‘pre- 
maturity” refers to lack of maturation and development. 

To be certain that the myopia in these cited cases is not progressive, periodic examina- 
tions would be required. Furthermore, extension of this study to include examinations 
at or near birth would help to substantiate the authors’ classification of congenital 
myopia. Further studies on the siblings and parents would permit more positive conclu- 
sions on the role of heredity. 

The authors’ general conclusions are reasonable and are justified by the data cited. 
Their report represents an important contribution to the problem of congenital myopia 
and is an excellent pilot study. It is hoped that the authors may include some of these 
additional data in subsequent studies. 

ARNALL Patz 
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SPACE OPHTHALMOLOGY 


SECONDARY OCULAR NYSTAGMUS AS A FUNCTION OF 
INTENSITY AND DURATION OF ACCELERATION 


GrorGE T. Hauty 
School of Aviation Medicine, USAF 


AND 
G. R. WENDT 


University of Rochester, Rochester, N. Y. 


School of Aviation Medicine, USAF Aerospace Medical Center (ATC), Brooks 
Air Force Base, Texas, April, 1960, 11 pp. 


Whenever either positive or negative rotary acceleration is experimentally 
applied to a specific pair of semicircular canals, there results a rapid alternation of 
ocular compensatory movements and their saccadic corrections. This behavior, 
designated as either rotary or postrotary nystagmus will be referred to as primary 
nystagmus. It is usually believed that with careful controls the primary nystag- 
mus response does not terminate until the cupula has nearly returned to its 
resting position. 

If the subject remains undisturbed following the termination of primary nys- 
tagmus and if his eye movements are recorded with a high degree of magnifica- 
tion, nystagmic movements will be seen to occur again, but in a direction the 
reverse of that characterizing the preceding primary nystagmus. This secondary 
nystagmus (post-postnystagmus or postrotary nystagmus phase IT) has received 
little systematic investigation due to the inadequacy of methods (most commonly 
direct observation aided by high-powered lenses). 

Following preliminary examination and training, three male undergraduates 
were subjected to three different velocities of rotation, 180°/sec., 90°/sec. and 
45°/sec., reached by different accelerations, t = <1 sec., 6°/sec.2 and 2°/sec.? 
With head fixed so that forward inclination was about 15°, the subject experi- 
enced a trial consisting of a selected value of aceleration followed by 5 minutes of 
constant rotation at a selected terminal velocity and then a selected value of de- 
celeration. A 5-minute stationary period followed this. The entire sequence of 
nystagmic responses (primary and secondary of positive acceleration and primary 
and secondary of negative acceleration) was continuously recorded through 
closed lids by the Dodge mirror-recorder. Two or more trials per stimulating 
condition were given on widely separated days. From these records the ones evi- 
dencing the greatest completeness and freedom from artifact were selected and 
the total amount of slow phase movement was measured for each 2 second of 
the secondary nystagmus. 

The phenomenon of spontaneous nystagmus, also known as nystagmophilia, 
nystagmus readiness, directional preponderance, can be described as a sustained 
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nystagmus with the slow phase in a particular direction and of a very low level of 
intensity or amplitude. It cannot be attributed to physical stimulation. From the 
highly magnified records of the subjects it was observed that a great deal of 
intra- and interindividual variation exists with respect to the occurrence of this 
nystagmus, its intensity and direction. 

In the case of two subjects, spontaneous nystagmus was an infrequent occur- 
rence. The other subject gave evidence of a persistent horizontal spontaneous 
nystagmus with slow phase to his left. The only daily variation appeared to be in 
intensity. 

Whenever the direction of spontaneous nystagmus is opposite to that of the 
secondary nystagmus, the effects of competition are quite evident. For all three 
subjects a finding of possible significance was revealed at the lowest levels of ac- 
celeration and terminal velocity. Here the competing spontaneous nystagmus 
would either eliminate or replace the secondary nystagmus. In the latter case, the 
secondary nystagmus would follow the primary phase but, after a period which 
was determined by the relative intensities of the two responses, a second reversal 
of nystagmus would occur, this time in the direction of the spontaneous nystag- 
mus. 

Neither intensity nor duration of stimulation was found to be consistently re- 
lated to the intensity and duration of secondary nystagmus. Yet, total secondary 
output was directly related to the product of intensity and duration of stimulation 
and was roughly one-half that of the total output of the preceding primary phase 
of nystagmus. The relationship is perplexing but probably so because it detracts 
from the possibility that the intensity and total output of secondary nystagmus 
are directly determined, not by the conditions of physical stimulation as in the 
case of the primary phase of nystagmus, but by what takes place during or as a 
result of the preceding primary phase. It has been suggested that the secondary 
phase of nystagmus may be attributed to the reciprocal aftereffects of primary 
nystagmus which cause the discharge of opposable central components to become 
imbalanced. Intensity of aftereffect as a function of stimulus intensity is readily 
conceivable but in view of the relationships under consideration it is apparent 
that intensity of aftereffect must be a direct function of the product of stimulus 
intensity and duration. In investigations of primary nystagmus (Hauty, J. Exper. 
Psychol., 1953, 46: 162) it was found that as the duration of a given stimulus was 
increased, not only was the response duration increased but also the intensity of 
the response. This latter effect was described as ‘“‘an accumulative excitatory ef- 
fect” and attributed to recruitment occurring at a central level. If recruitment of 
neural elements does occur during the primary phase of nystagmus, the number 
of discharging elements entering a period of refractoriness would be directly pro- 
portional to the duration of stimulation. This helps to explain how the total sec- 
ondary nystagmus output can be related to the total sensory input despite the 
fact that neither the intensity nor duration of this response is related to the in- 
tensity and duration respectively of stimulation. 

The results of this study, interpreted in the light of existing knowledge, suggest 
that the response characteristics of secondary nystagmus are determined by ac- 
tivity occurring in the vestibular nuclei complex. 
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Comment: This article relates the extent of secondary nystagmus to the primary 
nystagmus and suggests a probable mechanism. Such contributions are helpful when the 
effects on the astronaut of various types and intensities of acceleration are being evaluated. 
Victor A. BYRNES 


EYE HAZARDS AND PROTECTION IN SPACE 


HvuBERTUS STRUGHOLD AND OskKAR L. RITTER 


Advanced Studies Group, USAF Aerospace Medical Center (ATC), Brooks Air 
Force Base, Texas 


Aerospace Med., 1960, 31: 670-673 


When an astronaut, with his eyes adapted to the dark sky of space, glances 
upon the brilliant solar disk, he will experience a functional disturbance in the 
form of a blinding glare. Looking into the sun may cause structural damages to 
the retina. When a solar eclipse is observed through an insufficiently smoked 
glass the result may be a retinitis solaris and, in severe cases, a thermal coagula- 
tion necrosis of the retinal tissue. These retinal damages are actually heat effects 
caused by visible and near infrared rays focused by the lens upon a small area 
within the fovea centralis retinae. In a photograph taken of the right eye of the 
senior author 40 years after a retinal burn acquired while observing a solar eclipse, 
the image of the sun can be recognized. This indicates that such retinal lesions 
are usually irreparable. The subjective symptom is a small blind area in the visual 
field. 

The critical exposure time for the development of eclipse blindness is estimated 
to be 1 minute or less. Outside the atmosphere the danger of such retinal lesions 
resulting in visual defects (helioscotoma) is greater because the intensity of solar 
radiation is about 50 per cent higher (2 cal. cm. min.— in space against max- 
imally 1.4 cal. em.-* min.“ on earth). From calculations and from data available 
about similar effects produced on rabbits’ eyes by atomic flashes, and laboratory 
experiments about flash burns, it can be estimated that an exposure to solar 
radiation in space at a distance just beyond the earth’s atmosphere lasting 10 
seconds or less, will be sufficient to cause retinal burn. 

On a flight to the outer planets, solar irradiance drops to 0.86 cal. em.~? min.—! 
at the distance to Mars, to 0.074 at Jupiter’s distance, and to 0.0013 cal. em.~? 
min.—! in the remote region of Pluto. One might expect that in this direction the 
burning power of the sun will rapidly decrease and soon fall below the critical 
level. Conversely, on a flight toward Venus, where solar irradiance amounts to 
3.8 cal. em.~? min.—', or at Mercury’s distance, with a value of more than 13 cal. 
cm.~? min.~', one might presume that the critical time of exposure would be much 
shorter. 

This is not the case, however. The size of the burn will change in inverse pro- 
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portion to the distance from the sun but the critical time of exposure will remain 
nearly the same. There is a large region in space where the sun’s burning power is 
essentially unchanged and the critical time of exposure stays fairly close to that 
found just outside the earth’s atmosphere. 

Due to insufficient knowledge about some of the eye’s optical properties and 
nearly complete lack of data concerning the fine structure of the eye’s thermal 
properties, it is difficult to predict exactly where the sun loses its retina-burning 
power, especially since one deals with living tissue which possesses reactive capa- 
bilities. Even beyond this region, which may be called the retina-burning zone of 
the sun, solar radiation is intense enough to cause a dazzling glare. 

Protection of the eyes is necessary, at least in the domain of the inner planets 
and on the moon. Such protection can be provided by means of light-absorbing 
glasses with automatically self-adjusting attenuation. Light-scattering ceilings on 
a lunar base and retractable light-scattering visors attached to the helmet of the 
astronaut, serving as a kind of blue sky simulator, may also be useful to weaken 
and diffuse the sun’s concentrated burning rays, and to produce sky conditions 
to which we are accustomed. 

A method has been developed which simulates a solar beam for use in treatment 
of retinal detachment and of certain retinal tumors by photocoagulation. The 
radiation intensity produced by this “light coagulator”’ (Zeiss) in the plane of the 
retina is in the order of magnitude of irradiance found deep within the intramer- 
curian space. Only one-half a second of exposure is required to produce the cura- 
tive coagulative effect. 


Comment: This article emphasizes again that man is not naturally equipped to with- 
stand the forces and energies in the space environment. The recent rash of eclipse burns 
along the West Coast also emphasizes that retinal burns produced by solar energies are 
neither theoretical nor minor injuries. 

The optical system of the eye maintains the same amount of energy per unit area of 
the retinal image regardless of distance from the sun, since both incident total energy 
and area of retinal image are inversely proportional to distance from the light source. 
Since there is no light absorption in space, distance only reduces the size of the image 
but not the intensity per unit area of the image. 

Because darker fundi absorb energy in smaller tissue volumes, they are more susceptible 
to burning. The absorbed energy is dissipated largely by the choroidal vascular bed and the 
vitreous body. Smaller images are less likely to produce a burn because the total ab- 
sorbed energy can be more readily dissipated. This is particularly true when retinal 
images are smaller than 0.5 mm. in size as shown by Ham et al. 

The effect of pupillary size in space as pointed out by the authors will be very im- 
portant since the widely dilated pupil admits 50 to 100 times the amount of energy ad- 
mitted by the contracted pupil. If, as computed by the authors, 10 seconds are required 
to burn the retina, this should give adequate time for the blink reflex (0.1-0.15 second) 
and the pupillary reflex to be effective. The closed lids cut the energy entering the eye to 
less than 1 per cent. If, however, the astronaut persists in looking at or near the sun the 
increased energy present will certainly produce a burn. 
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An additional hazard not mentioned by the authors is the presence of intensely abiotic 
ultraviolet light in the 288-292 millimicron range. At ground level almost none of the 200- 
300 millimicron ultraviolet gets through because it is absorbed by the ozone layers. In 
space, however, it is present in high intensity. It would represent no eye hazard if viewing 
ports were made of glass, but some types of plastics would not screen out these rays and 
would permit the development of severe keratoconjunctivitis. 


Victor A. BYRNES 
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HISTORY 
SUSRUTA—HIS TIME, LIFE AND WORKS 


N. K. BipyADHAR 
Koraput, Orissa, India 
J. Internat. Coll. Surgeons, 1960, 34: 10-15 


Susruta lived in India 600 years or more before the Christian era; the exact 
date is highly conjectural. He taught that anatomy was the foundation of surgery 
and made his students do dissections. He introduced cataract-couching, skin- 
grafting, rhinoplasty and post-mortem cesarean section. The Samhita of Susruta, 
the first treatise on surgery in the world, included his teachings on major and 
minor surgery. The more than 100 instruments depicted and discussed included 
scalpels, lancets, saws, scissors, needles, hooks, probes, directors, sounds, catheters, 
trocars, bone-dividing nippers, polypus and other forceps, syringes and a rectal 
speculum. The soporific effects of hyoscyamus and cannabis indica were known 
and employed for surgical analgesia. 

Susruta was the first surgeon to deal elaborately with the development, anat- 
omy and physiology of the eye. He gave a detailed classification of eye diseases 
on an anatomical basis, listing 76 ocular maladies. He was the world’s first surgeon- 
ophthalmologist, and wrote: ‘The science of ophthalmology is as vast as the 
ocean. It is a growing science . . . and would therefore sprout, grow and bear good 
fruits only under the congenial heat of the medical genius of the succeeding 
generations.” 

To what extent Greek medicine was affected by Hindu thought prior to the 
invasion of India by Alexander the Great in 327 B.C. is unknown, but it is re- 
markable that both schools of medicine held to the humoral theory of disease. 
Hippocrates (460-370 B.C.) may have been influenced indirectly as many ancient 
Greek scholars had visited India, including Pythagoras, Anaxarchus, and Pyrrho. 


Comment: Susruta has been aptly called the Hindu Hippocrates. Just as the ancient 
Hebrews were the first to attain eminence in hygiene, so the ancient Hindus were the 
first to excel in surgery. The classic period of Indian medicine began with the rise of Bud- 
dhism in the sixth century B.C. and faded when Brahmanism became the ruling religion 
again in 800 A.D. After the invasion of India by Alexander knowledge of the couching 
operation for cataract passed to Alexandria and via the compendium of Celsus (25 B.C.- 
50 A.D.) to western Europe. Among the sayings of the sage Susruta are these: “He who 
combines reading with experience proceeds safely and surely. The physician, the patient 
the drugs and the nurse are the four feet of medicine upon which the cure depends. By 
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the sense of taste we can assure ourselves concerning the state of the urine in diabetes. 
Medicine and surgery are to be equally mastered since the physician who lacks knowledge 
of one is like a bird with only one wing.” 

James E. LEBENSOHN 


JAMES BOLTON, SURGEON-OCULIST 


His PLAcE IN THE History OF OPHTHALMOLOGY 


G. E. ARRINGTON, JR. 
Richmond, Virginia 
Virginia M. Month., 1960, 87: 479-490 


James Bolton (1812-1869) suffered from poor eyesight which probably stim- 
ulated his interest in ocular disorders. Prior to the Civil War, nearly all the 
American ophthalmologists of note completed their training in Europe, but 
Bolton was schooled entirely in this country. He was born in Savannah, Georgia, 
but the family moved to Long Island in 1831 and Bolton studied in New York 
City where he received his Master’s degree from Columbia College and his medical 
degree from the College of Physicians and Surgeons. Subsequently he worked 
with Dr. John Kearney Rodgers, a founder of the New York Eye and Ear In- 
firmary, and with Dr. Valentine Mott, an eminent surgeon. He opened his office 
in Richmond, Virginia, combining ocular surgery with general practice. He con- 
tributed frequently to medical journals, became editor of the Stethoscope in 1854, 
president of the Medical Society of Virginia in 1858, and a surgeon in the Con- 
federate Army. 

In 1842 he published a treatise on strabismus. Bolton presented accurately the 
anatomy, physiology and mechanism of the extraocular muscles. He pointed out 
that the relaxation of one muscle was nicely adapted to the degree of contraction 
of its antagonist. He then considered thoroughly the varieties and causes of 
strabismus. Before general or local anesthesia were available speed was essential 
and his operation was performed in one to two minutes. Most of the instruments 
used were of his own design or invention. One assistant held the lids apart while 
he introduced a hook through the conjunctiva beneath the medial rectus muscle 
and cut the raised fold with scissors. A director was then introduced between 
the tendon and the sclera until its point was visible above the upper edge of the 
tendon, and all the layers of tissue by which it was covered were divided by a snip 
of the scissors, after which the wound was probed from one end to the other to 
ascertain that no fibers were left undivided. Cold compresses for after treatment 
were prescribed and the patient usually attended to his business without inter- 
ruption. Frequently the granulations sprouting from the wound formed a polyp 
attached by a thin stem. This was clipped close and the base touched with a 
pencil of silver nitrate. 
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Bolton displayed an extensive knowledge of ocular and visual physiology. He 
remarked that diplopia sometimes followed the operation but that this incon- 
venience usually disappeared gradually. He stressed that squint surgery was 
most successful when performed early in childhood and that the mortification 
occasioned by the deformity in after life may then be entirely prevented. Bolton 
was possibly the earliest American to operate on strabismus. According to his 
book, successful strabismus surgery was performed by him in 1840, just one year 
after the first case done by Dieffenbach of Berlin, generally considered the father 
of strabismus surgery. Bolton’s Treatise on Strabismus was widely quoted both 
in this country and abroad. 


Comment: Bolton’s book on strabismus, a brilliant achievement in an otherwise barren 
period of American ophthalmology, has not been sufficiently appreciated hitherto. Ar- 
rington is to be commended for placing Bolton in his proper niche, as well as for his other 
notable researches in the history of ophthalmology. Until the recession operation was 
introduced by Jameson, 30 years ago, tenotomy of the medial rectus was still a universal 
procedure. The essential modifications of Bolton’s technique were the use of general or 
local anesthesia and direct exposure of the muscle after incision of the conjunctiva which 
was subsequently united by sutures. This suturing of the conjunctiva stopped the sprout- 
ing of granulations. Severing the connections of the medial rectus to the caruncle was 
another improvement that prevented unsightly retraction of the caruncle. As the out- 
come of a tenotomy was unpredictable, though usually less than desired, various methods 
were suggested to increase or decrease its effect. As an alternative the lengthening opera- 
tion was proposed, produced by two or three snips on opposite borders of the muscle, 
but this procedure attained but little popularity. 

James E. LEBENSOHN 
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JAMES E. LEBENSOHN, Editor 


THE APPLICATION OF COCAINE TO THE EYE AS AN ANESTHETIC 
KARL Ko.Lurer, M.D. 


House Physician, Allgemeines Krankenhaus Vienna 


Wien. med. BIl., October 23, 1884, 7: 1352-1355 


Based on the translation of Boerne Bettman, M.D., Chicago 
Chicago M. J. & Examiner, February, 1885, 50: 91-100 


This paper will report the results of some experiments relating to the anes- 
thesia of the eye. A preliminary communication was sent to the Convention of 
German Oculists which met in Heidelberg, September 15-16, 1884, in order to 
claim priority. Dr. Brettauer of Trieste had the kindness to forward my paper 
and demonstrated my experiments, which since have been repeated and verified 
quite often in different places in Germany. 

That cocaine, the alkaloid contained in the leaves of the Erythroxylon coca, 
possesses the characteristics of anesthetizing the mucous membrane of the 
tongue upon local application was discovered in 1859 by Nieman, a student of 
Wohler. This property was mentioned by Prof. Schroff in a paper read before 
this very society in 1862. It is furthermore known that cocaine when injected 
diminishes the caliber of the peripheral blood vessels and produces dilatation of 
the pupil and this also occurs after local application. The instillation of cocaine 
in the eye has therefore been studied before but the observations which form the 
object of to-day’s paper have thus far escaped attention. 

The experiments made with the internal administration of cocaine have been 
disappointing so that the remedy fell into discredit and was eventually forgotten. 
In 1880 von Alrep published an extensive work on experiments with cocaine at 
the end of which he hinted at. the possibility of cocaine becoming a useful local 
anesthetic (Pfliiger’s Arch. ges. Physiol., Vol. 21). My colleague, Sigmund 
l'reud of the Allgemeines Krankenhaus, brought cocaine into prominence by 
his thorough compilation and interesting therapeutic work (Centralbl. Therapie, 
\ugust, 1884). 

I started out with the supposition that a substance which paralyzes the 
terminations of the sensitive nerves of the mucous membrane of the tongue would 
produce the same effect upon those of the cornea and conjunctiva and made a 
series of experiments in Prof. Stricker’s laboratory based on these conjectures. 
My results were in short as follows: 

If a few drops of a 2 per cent aqueous solution of cocainum muriaticum be 
applied to the cornea of a guinea pig, squirrel or dog or instilled in the cul-de-sac 
of the conjunctiva, the animal will wink a short time, presumably in consequence 
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of a slight irritation, but within one-half to one minute will again open its eye, 
which has gradually assumed a strange staring appearance. If the cornea be now 
touched with the head of a pin, taking care not to come in contact with the 
lashes, no reflex closure of the lid ensues, the eyeball remains immobile, the 
head is not drawn backwards as would have otherwise followed, the anima! 
remains perfectly quiet, and the application of stronger irritants proves con- 
clusively that both cornea and conjunctiva are entirely anesthetized. Thus |] 
scratched and punctured the cornea with my needle and then irritated it by an 
induced current which was so strong that it pained my fingers and was un 
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KarL Kouier, M.D. 


bearable to my tongue. I also cauterized the corneae with lunar caustic unti 
they became milky white but all this did not elicit the slightest movement from 
the animal. 

These experiments convinced me that the anesthesia affected not only the 
surface of the cornea but the entire structure. But if after the cornea was cut 
the aqueous escaped and the iris prolapsed, the animal gave vent to lively mani 
festations of pain. I was unable to determine in these animal experiments whet he 
the iris could be anesthetized by instilling some of the solution into the cornea 
wound or by continued application into the conjunctival sac for experiment: 
relating to tests of sensibility, if only comparatively complicated, are very un 
satisfactory on animals. 
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I tried to ascertain whether cocaine could induce anesthesia of an inflamed 
cornea. This was decided affirmatively through experiments made on animals 
on whom I had previously produced a traumatic keratitis. Their corneae were as 
thoroughly anesthetized as healthy ones. The complete anesthesia effected by a 
2 per cent solution lasts on an average ten minutes. 

After these successful experiments upon animals I no longer hesitated to test 
its action on the eyes of human beings, and applied it to my own eyes, to that 
of my colleagues, and later on used it on numerous other individuals. All, without 
exception, testified to the complete anesthesia of their corneae and conjunctivae. 
The following manifestations occur: if a few drops of a 2 per cent solution be 
instilled into the conjunctiva or allowed to flow over the cornea a slight burning 
sensation and quite a copious flow of tears ensues, which ceases in one-half to 
one minute, to be succeeded by a dull sensation of dryness. To an observer the 
eye appears dull and staring as noted in the experimental animals. This expression 
is due to a decided expansion of the lid fissure. If, now, the cornea be touched 
with a needle, no sensation either of pain or touch is experienced, and even the 
reflex action fails to appear. The same applies to the conjunctiva, where also 
the sensation due to change of temperature is affected. The conjunctiva bulbi 
can be grasped with a mouse-toothed forceps without causing the patient the 
slightest. discomfort, or the cornea may be indented with a probe without cog- 
nizance of this manipulation. The complete anesthesia lasts from seven to ten 
minutes, and gradually passes into the normal state through a long transition 
stage of diminished sensibility. The pupil begins to dilate about fifteen to twenty 
minutes after the instillation. The dilatation reaches its maximum during the 
first hour, diminishes visibly in the second, and a few hours later all traces of 
mydriasis have disappeared. The dilatation is never maximal, and the pupil 
reacts promptly to light and to convergence during the entire time, in conse- 
quence of which the dazzling sensation which accompanies atropine mydriasis 
is either not experienced or only in very moderate degree. The mydriasis is 
accompanied by a transitory and slight paralysis of accomodation; in my case 
and in another individual the near point receded one-half inch. 

I have noticed furthermore a decided ischemia of the normal conjunctiva, 
especially of the conjunctiva palpebrarum, but am unable to state anything 
definite regarding its duration. The application of cocaine during my entire 
observations has never been followed by symptoms of irritation. I regard the 
dilatation of the lid fissure as due to the loss of sensibility of the cornea and 
conjunctiva, rendering them insensitive to the irritation which in the normal 
state affects them, and which thus regulates the width of the lid fissure. 

There are a few practical points relating to the anesthesia which I wish to 
emphasize: 

1. If, on the abatement of the anesthesia, cocaine be newly instilled a second 
anesthesia is induced which lasts longer than the first. I have obtained complete 
anesthesia lasting from 15 to 20 minutes by repeating the instillation every five 
minutes. 

2. The anesthetic action is purely local. 
3. Since it is known that cocaine is absorbed and on every instillation a minute 








296 SURVEY OF OPHTHALMOLOGY 


amount enters the anterior chamber, one might surmise that the more remote 
parts of the eye would be anesthetized if it were possible to introduce a large 
enough quantity of the remedy. I produced a decided diminution of the sensi- 
bility of the eye, against strong pressure, after having instilled a five per cent 
solution of cocaine, repeated every five minutes for a half-hour period. 

Through the liberality of Prof. von Reuss, director of the clinic, and his 
assistants, Drs. Dimmer and Bochner, I have been enabled to test the action of 
the remedy on inflamed eyes. Cocaine might be put to two therapeutic uses: 
first, as a local narcotic in painful diseases of the eye, and secondly, as an anes- 
thetic in operations on that organ. 

With reference to the first mentioned usage I have employed cocaine, in 2 
per cent solution, on a number of patients afflicted with eczematous conjunc- 
tivitis, ulcers of the cornea and fascicular keratitis. All patients treated expressed 
a few moments after instillation an amelioration subjectively with diminution 
of pain and photophobia. But they unanimously complained of the return of 
symptoms two to three hours later. The pain consequent to the cauterization 
of the lids with nitrate of silver may be controlled or diminished by previous 
instillation of cocaine. 

I will now consider the second applicability of cocaine, as an anesthetic in 
operations on the eye. In the removal of foreign bodies from the cornea I induced 
anesthesia as follows: I dropped on the cornea of the patient two drops of a 2 
per cent solution, which was repeated 3-5 minutes later. All kept their eyes 
perfectly quiet during the digging out of the foreign body, and when questioned 
as to their sensations, replied that they had felt absolutely nothing. Cocaine was 
applied with the same good results in a case of tattooing of corneal scars and in a 
pterygium operation. Prof. v. Reuss did staphyloma operations upon a boy and 
girl, aged 7 and 8 years respectively, not narcotized, but anesthetized with 
cocaine. Both kept quiet and experienced no discomfort. 

Prof. von Reuss kindly permitted me to apply cocaine in several cases for 
iridectomy and cataract operations. Almost perfect results were obtained with 
the following method of application: for a half-hour prior to the operation two 
drops of a 5 per cent solution was instilled in the eye at intervals of 5 minutes. 
The upper lid was raised, and while the patient was looking down, the solution 
was dropped on the sclerotica above the cornea. One of the numerous cases thus 
treated, a woman, upon whom the extraction of a cataract was undertaken, 
when asked at each step of the operation as to her sensations, asserted that she 
was not cognizant of the corneo-scleral section; the grasping and excision of the 
iris was felt, but produced only slight pain. A man with seclusio pupillae of 
both eyes was iridectomized on the left eye after cocaine instillation. The man 
was perfectly quiet during the operation and stated that he had felt nothing of 
the corneo-scleral section made with a keratome. He experienced tactile sensa- 
tion when the iris was grasped and excised but no pain. A week later the patient 
underwent a similar operation on the other eye without local anesthesia. This 
time he wriggled and squeezed the eyelids so violently as to render the operation 
very difficult. 

















CLASSICS IN OPHTHALMOLOGY 297 


Comment: Possibilities of cocaine were first explored in ophthalmology. Though 
Moréno in 1868 and von Anrep in 1879 had suggested that cocaine might be of value in 
surgery, it remained for Koller, then but two years out of medical school, to furnish 
tangible proof. In less than three months after his demonstration almost every conceivable 
eye operation had been attempted under local anesthesia by distinguished ophthalmolo- 
gists the world over, including von Reuss, Becker, Hirschberg and Horner of Germany, 
Panas, Vulpian and Abadie of France, Gunn and Nettleship of England, and Noyes, 
Agnew and Knapp of America. In 1885, Halstead initiated conduction anesthesia by per- 
forming a mandibular block for the extraction of a tooth; and in 1899 Bier showed the 
feasibility of spinal anesthesia on man in an operatioa for the removal of hemorrhoids. 
Adrenalin, isolated by Takamine in 1901, furnished an ideal adjuvant for the local anes- 
thetic—a chemical tourniquet—which increased the duration of its action and minimized 
toxic reactions. Elucidation of the chemical constitution of cocaine by Willstatter in 1898 
inspired attempts to synthesize less toxic substitutes. The first such products were in- 
soluble (benzocaine, orthoform), but in 1905 Novocaine was developed by Alfred Einhorn 
and though the first of its type it remains the most popular local anesthetic for injection. 
And tetracaine, available since 1931, has in turn almost displaced cocaine as a surface 
anesthetic. Cocaine, however, is still the only drug for instillation in the eye that combines 
anesthetic, mydriatic and astringent actions. 
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Biographical Note 


Carl Koller (1857-1944) was born at Schuettenhofen, Bohemia, studied in Vienna, 
graduated medicine in 1882 and then entered the Allgemeines Krankenhaus as a resident 
in ophthalmology under Arlt. While a medical student, he became interested in embryology 
and in Stricker’s laboratory contributed a new conception of the origin of the mesoderm. 
During his residency he still continued his laboratory work vainly trying now to find a 
local anesthetic, adequate for ophthalmic surgery. At this juncture Sigmund Freud 
wanted to test a recent reported treatment of morphine addiction by the substitution of 
cocaine, and knowing of Koller’s laboratory connections, asked him to cooperate in ex- 
periments with the new drug. The numbness of the tongue that followed a taste of a 
cocaine solution suggested to Koller that he had chanced at last upon a true local anes- 
thetic agent. 

Koller’s further training under Snellen and Donders instilled an interest in optics. 
Besides contributions on astigmatism and telescopic lenses he designed the lighting system 
now used in most electric ophthalmoscopes. He arrived in New York City in 1888, became 
a member of the American Ophthalmological Society in 1889, and since 1901 was con- 
nected with the Mount Sinai Hospital. For his discovery of local anesthesia he was 
elected to honorary membership in a number of societies in America and Europe and re- 
ceived also a scroll of recognition from the International Anesthesia Research Society and 
medals of honor from the University of Heidelberg (1920), American Ophthalmological 
Society (1922), New York Academy of Medicine (1930) and American Academy of 
Ophthalmology and Otolaryngology (1934). 
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Importance of the Vitreous Body in Retina Surgery with Special Empha- 
sis on Reoperations, by CHARLES L. Scuepens, M.D. $15.00. C. V. Mosby 
Company, St. Louis, 1960. 

In May 1958, the Retina Foundation held its second conference. The aim of 
this conference was to arrive at a better understanding of the problems involved 
in patients with retinal detachment of poor prognosis. The most frequent type 
of patient of this kind is undoubtedly the one who has to be reoperated. Attend- 
ing the conference were investigators and clinicians who apparently have had a 
great deal of experience with this type of retinal detachment. The proceedings 
of the conference make up the contents of this text which is divided into five 
parts. 

The first part deals with the anatomical relations of the retina to the vitreous 
body and to the pigment epithelium, and to a consideration of physiology of the 
vitreous body. As in all sections, the spontaneous and prepared discussions of 
the various presentations are included. 

The second part of the book deals with the pathological findings after retinal 
surgery and the alterations observed in the vitreous which are important to the 
outcome of retinal repair. 

The third and fourth parts of the text consider the various methods in which 
the operation for reattachment of the retina has been modified in recent years. 
These consider in particular the efforts made to modify the shape of the eyeball 
from within as well as from without. Detailed attention is given to vitreous im- 
plants, to various methods of scleral resection and scleral buckling. 

The presentation of this material provides the reader with an awareness of 
the many problems that are encountered by those who are actively engaged in 
handling this disease. It has not been decided that there is a single correct method 
of surgical repair of retinal detachment. There is unanimous agreement that 
retinal breaks must be permanently closed. The methods of obtaining this, how- 
ever, differ. 

The illustrations in this book are excellent, both pathological presentations 
and the ones dealing with surgical methods. The surgical procedures are dealt 
with in detail. Much of the enjoyment in reading this text is provided by the 
questions and answers and discussions following each of the presentations. Those 
who are responsible for the formal presentations were Balazs, Custodis, Hruby, 
Okamura, Pischel, Schepens, Shafer, Smith, Straatsma, and Zimmerman, but 
the discussions were entered into by many others who had considerable experi- 
ence in this area such as Irvine, McDonald, Grignolo, Thorpe, Maumenee, 
Kirsch, and Cibis, to mention a few. There is no question that there is much of 
value in this text. 

IrvinGc H. LEoroLtp 
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Light Coagulation, by Gerp Mryer-ScHWICKERATH, as translated by DRANCE. 

$9.50. C. V. Mosby Company, St. Louis, 1960. 

For the past 10 years there has been increasing interest in the use of light 
coagulation therapeutically in human eyes. As experience is accumulated and 
the instrument improved, the apparent indications for this method of therapy 
have increased and the utilization of the instrument more widespread. Most of 
the physicians using this instrument in this country have attended courses pro- 
vided by the author. Many others who by virtue of time limitation, financial or 
otherwise, have been unable to attend these personally administered courses 
will benefit considerably from study of this text by Schwickerath that has been 
so satisfactorily translated by Stephen Drance. It is a short book, but the indi- 
vidual who intends learning about the instrument will not find that it can be 
read quickly, for it has to be studied. The book can be very useful if one has the 
instrument available and reads the text and studies the instrument simultane- 
ously. For the uninitiated the information is provided in step-like fashion start- 
ing with the historical and experimental background of radiation damage to the 
retina and choroid. The author considers the light coagulation instrument, 
preparation of the patient, and the limitations of the instrument. The first 2 
chapters are taken up with these matters, and the final 2 chapters deal with the 
indications for light coagulation and the description and instruction for use of 
the iris coagulator. Although there is a thorough discussion of matters in which 
this light coagulating machine is to be used and of the potential dangers, contra- 
indications and complications, it would still appear that to succeed in its use no 
one should attempt to use the machine who has not first had the opportunity of 
observing competent people engage in its utilization. 

This text does provide the best information on this technique of therapy and 
allows the practicing ophthalmologist to have an awareness of what he can 
anticipate from light coagulation in various diseases. Although the instrument 
in some form has been in use for over 10 years, it is quite apparent from perusal 
of this text that its exact role in the treatment of angiomatosis retinae, retinitis 
proliferans, periphlebitis retinae, and malignant melanomas is still in the experi- 
mental stage. 

The text is of comfortable size. The print is large and easy to read. It certainly 
allows the opportunity for one to catch up quickly to what has been done in this 
new therapeutic approach in ophthalmology. 

Irvine H. LEopotp 
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IATROGENIC PATHOLOGY OF INTEREST TO 
THE OPHTHALMOLOGIST 


IsapoRE GivnEeR, M.D., F.A.CS. 
New York, New York 


Today, with the introduction of new chemical agents at a rate of about 400 
a year, it behooves every physician to be on guard that he does not precipitate 
dysfunctions in the various systems of the body. Only by being aware of the 
potential dangers other than overdosage, allergic reactions, and idiosyncrasies 
can he recognize the early signs of iatrogenic pathology and by removing them, 
reverse the adverse complications. No chemotherapeutic agent is wholly with- 
out danger when administered to the human being—medicine is not an exact 
science. 

As therapeutics progressed from galenicals to complex chemicals, which 
profoundly affect many biochemical reactions, iatrogenic diseases have become 
more numerous. Brodie! has suggested that a complete knowledge of the 
metabolic fate of the various drugs ingested and the method by which they are 
eliminated from the body may lead to the discovery of various enzyme de- 
ficiencies and genetic traits that will explain why some individuals react to a 
given drug in a manner differing from that usually observed. Although it is 
true one man’s food is another man’s poison, the guide of physicians is still 
“Primum non nocere.” 

This paper does not intend to be complete. Its aim is to emphasize our need 
for a thorough knowledge of the possible complications of the drugs we use, so 
as to prevent the precipitation of untoward reactions. As an ophthalmologist, 
it is natural that stress might be laid more on medicaments employed by the 
oculist. However, since ophthalmology has ramifications that touch on practically 
all the systems of the body, this presentation should be of interest to other 
specialties as well. 

The British Medical Association annual meeting? was devoted to iatrogenic 
disease. Perry, the first speaker, stressed the fact that the toxic effects of many 
drugs prescribed might be due to overdosage, thrombocytopenia and allergic 
reactions. He emphasized a few well known adverse side effects namely: 

Steroids: osteoporosis and disintegration of joints 

Rauwolfia: precipitating depression and suicide 

Chlorpromazine (Thorazine): precipitating Parkinson’s syndrome 

Hypotensive agents: bringing on ischemic damage 

Irradiation: allowing for renal damage and leukemia 
He concluded, “‘Don’t prescribe potentially dangerous drugs for trivial ailments.” 
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The next speaker was a dermatologist, Simpson. He pleaded for withholding 
unnecessary use of x-rays in dermatologic conditions. He stressed that granula- 
tions, necrotizing, nodose or photosensitive eruptions could be brought on by 
drug injections. He described local sensitization to topical applications and 
spoke of drug intoxications from continued use of applications to mucous surfaces 
or skin. 

Clark, a psychiatrist, related that if a patient was ill and the physician found 
nothing and told the patient so, he lost confidence in himself and suicidal attempts 
might be brought on. He felt phenobarbital was dangerous in depressed pa- 
tients. 

The concluding speaker, Landells, who is a pathologist, concluded that death 
attributable to iatrogenic illness occurred in 0.5 per cent of 4000 autopsies. 

My interest in this subject was stimulated by a patient with diabetes, age 
53, who was on chlorpropamide (Diabinese) 250 mg. 3 times a day for 6 months. 
He complained of not seeing clearly for 1 hour after taking this medication. 
He was first seen on January 29, 1960. He had a history of diabetes for 7 years. 
His vision was diminished for the past 6 weeks. O. D. corrected vision was 
20/200 and O. S. corrected vision, 20/70. 

Bilateral pallor of dises was noted. There was a cecocentral scotoma in each 
eye. Diabinese was discontinued and the patient was put on 2 tolbutamide 
(Orinase) and 1 phenformin (DBI). He was told to discontinue smoking. He 
did not drink. Biz, 500 ug., was given 3 times a day and B,, 100 mg., 4 times a 
week. Ten days after discontinuance of chlorpropamide, his vision was 20/70 
—1 in the right eye and 20/40 —5 in the left; 67 days after discontinuance of 
chlorpropamide the vision was 20/50 in the right eye and 20/40 in the left; 
85 days following discontinuance of chlorpropamide the vision was 20/40 
in his right eye and 20/30 —2 in the left, while still smoking 5 cigars daily. 

The central scotomas disappeared but the relative scotomas were still present, 
adjoining the blind spot. The patient continued to smoke. This oral hypo- 
glycemic agent has had liver disease reported by Dolger* as a complication. 

Ophthalmologists, use Thorazine preoperatively to prevent vomiting after 
intraocular surgery. This drug, however, has the potentiality of affecting the 
liver. The liver because of its central role in metabolism and excretion of many 
drugs is a frequent target of an untoward and unexpected action of a drug. 
Klatskin‘ has stated that any drug that produces a sensitization reaction of the 


Iatrogenic Liver Disease 


I. Drugs 
Chlorpropamide PAS 
Chlorpromazine Catron 
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II. Viral Hepatitis 
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skin, bone marrow or kidney can produce a liver lesion. Popper® feels that any 
drug which produces shock will produce a shock in the liver. He has found 
40 cases of Marsilid jaundice due to liver involvement and, in an excellent 
article, reported on 27 patients verified by biopsy and 16 at autopsy who de- 
veloped hepatitis from this drug. The incidence is less than 0.1 per cent but 
mortality can be from 20 to 50 per cent. 

The clinical features of drug jaundice may show a prodromal period with 
anorexia, malaise, and fever. Women seem to have more drug reactions than 
men. A distaste for tobacco may occur at the onset of either viral or 
drug hepatitis. The coexistence of jaundice and dermatitis or purpura should 
create suspicion of a drug reaction (Chart I). 

There are four types of liver involvement due to drugs: 

A. Such drugs as chloroform, carbon tetrachloride, and arsphenamines produce a 
true hepatotoxic state. The hepatic injury will occur in all individuals if sufficient 
quantity of the drug is given. The disease is reproducible in experimental ani- 
mals. It activates essential enzyme systems leading to necrosis or death of the 
parenchymal cells. 

B. Hepatic injury by hypersensitivity reaction. The lesion is not reproducible 
in experimental animals. The reaction is not related to the dose of the drug. 
It is associated with other manifestations of hypersensitivity like fever, rash, 
lymphadenopathy, arthralgia, disturbances of kidney function and in the 
hematopoietic system. Penicillin usually shows no jaundice but severe cholangitic 
reaction. 

C. Liver pathology produced by norethandroline and methyl testosterone. It 
resembles the hepatotoxins but is not reproducible in animals. 

D. Hepatitis after Marsilid. This resembles hepatitis due to virus but is due 
to a hyperergic reaction. It causes severe bile stasis and partial inflammatory 
reaction. It may occur 30 days after stopping the drug. Popper found 
hepatomegaly with spotty necrotic or massive necrotic hepatitis. 

As regards serum hepatitis, 4% per cent of the population are carriers of 
hepatitis virus. Sawyer believes this may be as high as 6 per cent and is a strong 
argument against giving blood transfusions unless the indication for its use is 
very definite. Pathologically there is a great variation in changes in the liver 
cells from cell to cell. There may be marked mesenchymal reaction. If all the 
liver cells are involved at one time the patients die of acute atrophy. 

The virus survives heating to 60°C. for 4 hours, but is inactivated at 10 
hours. Ultraviolet, phenol and ether cannot inactivate the virus. One should be 
sure of the sterility of needles and syringes. No common syringe for mass inocula- 
tion should be permitted, but rather a newly sterilized syringe and needle 
or disposable unit for each person should be the rule. Every one should be 
questioned regarding a previous history of infectious hepatitis and no needle 
used on this patient with a positive history of infectious hepatitis should be used 
on another patient. A code design on the front of the patient’s chart should keep 
their history afresh on later visits (Chart IT). 

The incubation period for serum hepatitis may be from 2 weeks to 4 months. 
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Code for the jacket of a patient’s chart indicating: I.H., infectious hepatitis; *, diabetes; 
UL., ulcer; Gl., glaucoma, CBT (written in reverse), tuberculosis; and sisoreles elpitlum, 
(written in reverse), multiple sclerosis. 


The mortality rate can be from 2 to 19 per cent depending upon the virulence of 
the strain. 

Physicians in various specialties prescribe drugs that may adversely affect 
the eye and in reverse fashion, we as ophthalmologists utilize medications that 
may aggravate or excite pathology in other systems of the body. 


GASTROENTEROLOGISTS 


Ophthalmologists frequently speak to the gastroenterologist to be aware 
that antispasmodics might aggravate a glaucoma case by dilating the pupils 
through systemic medication such as belladonna and its derivatives. It has 
been said that dicyclomine hydrochloride (Bentyl)* tried in 37 patients did not 
significantly increase intraocular pressure or dilate the pupils or effect accom- 
modation. This is not 100 per cent, for a patient under observation had an 
elevation of 13 mm. Hg Schiétz following the use of this drug. Other drugs that 
are unwittingly given glaucoma patients include Anacin (contains caffeine), 
Alophen tablets (contains atropine) and sympathetic stimulants. Now we 
should reverse the question and ask if anything the oculist might prescribe 
could aggravate a gastric or duodenal ulcer. The following ulcerogenic drugs 
do just that (Chart ITI): 

1. Nicotinic acid. Oculists frequently prescribe the drug for its vasodilator 
effect. Since 1955 it has been shown that large doses of nicotinic acid can re- 
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Ulcer Aggravating Drugs 


Nicotinic acid Orinase 

Steroids Mestinon 

Butazolidine Aspirin 

Priscoline Reserpine 

lidar Apresoline 
Cuart III 


duce elevated serum cholesterol levels in many persons. The mechanism may be 
interference with liver production of cholesterol. Seven patients reported by 
Parsons’ had activation of peptic ulcer occur by the administration of nicotinic 
acid. The use of buffered preparations of nicotinic acid by either sodium bicar- 
bonate alone or with potassium bicarbonate can prevent this. Nicalex (Walker), 
a combination of nicotinic acid and aluminum hydroxide, is promoted “for 
safer, more effective control of hypercholesterolemia.” 

I should like to digress a moment and call attention to osteomalacia with 
pseudofractures that can be caused by the ingestion of a large quantity of 
aluminum hydroxide.* The latter binds inorganic phosphate in the gastro- 
intestinal tract and results in increased phosphate excretion in the feces, as well 
as decreased phosphate in the blood. The low available phosphate in the extra- 
cellular fluid can lead to a physiological state incompatible with the deposition of 
calcium in the bone, as CaPO, cannot be deposited in the bone if there is no 
phosphate. This leads to demineralization of the bone and pseudofractures. 
Stop the aluminum hydroxide and give minimal doses of calcium and vitamin D. 

2. Pyridostigmine (Mestinon). A patient who had almost forgotten about his 
previous history of peptic ulcer, developed myasthenia gravis. He was put on 
Mestinon and ended up with a ruptured gastric ulcer and death. This case 
was not under my personal observation but was related to me by a colleague 
who had seen the patient. Mestinon can cause increased gastric acidity. 

3. Reserpine. This drug may increase gastric secretion and gastric motility. 

4. Steroids. Freiberger et al.* found the incidence of peptic ulcers in patients 
with rheumatoid arthritis on corticosteroids 6 months or longer to be 31 per 
cent, as compared with 9 per cent in those not taking steroids. 

5. Hydralazine hydrochloride (Apresoline). Gastric hemorrhage has been 
produced. 

6. Phenylbutazone (Butazolidin). Oculists now use this drug in the treatment 
of iritis. It can activate peptic ulcer with hemorrhages or perforation in some 
cases. Toxic reactions occur in 25 to 45 per cent. Fromer’® reported death due 
to aplastic anemia in a woman 48 years of age. 

7. Priscoline 

8. Tolbutamide (Orinase). Eight patients have been reported in which the 
initial development or exacerbation of a peptic ulcer with gastrointestinal 
bleeding occurred while the patient was taking tolbutamide. 

9. Ilidar 
10. Aspirin 
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UROLOGIST 


Oculists feel that the urologist should stress to patients with gonorrheal 
urethritis that if the organism is carried to the eye with the fingers a dangerous 
conjunctivitis can ensue. He is also concerned with the use of belladonna for 
spasm of the ureter or bladder in a potential glaucoma patient. 

Furadantin and Urecholine used by the urologist may produce severe itching, 
burning, and tearing of the eyes. Even after medication is stopped these symp- 
toms continue for weeks and may require steroid therapy. 

The urologist worries, too, about the oculist producing renal pathology in the 
following ways: 

1. Diamox for glaucoma. Citrate is excreted in comparatively large amounts 
in human urine and its excretion varies with age, diet, sex and other factors 
from 100 to 1500 mg. per day. It is lower in infants and children as compared 
with adults. Citrate excretion is decreased by acidosis (dietary, uremic and 
diabetic) and by testosterone administration. It is increased in alkalosis and by 
the administration of estrogens, parathyroid, and vitamin D. 

Urinary citrate aids in the chelation of calcium into soluble complex. Low 
citrate levels in the presence of normal calcium may play a role in the formation 
of renal calculi. Citrate therapy has been reported to have induced an apparent 
improvement in a case of nephrocalcinosis. 

In rats, acetazolamide has been observed to result in the deposition of cal- 
cium phosphate in the tubules and pelvis of the kidneys. The experimental 
production of such lesions was accompanied by a marked decrease in urinary 
citrate excretion. 

Ureteral colic has been reported in patients receiving Diamox for periods of 
time. The increased use of this agent in glaucoma therapy has resulted in the 
recognition of additional instances of this systemic side effect. Recent observa- 
tions of patients presenting symptoms of ureteral colic while taking Diamox for 
glaucoma stimulated Becker and Middleton™ in a study of decreased citrate 
excretion in human beings following Diamox. 

2. Testosterone for diabetic retinopathy. Testosterone is used by the ophthal- 
mologist to suppress pituitary function. We should remember that at autopsy, 
cancer of the prostate is present in over 24 per cent of males over the age of 
50’? and stimulation to growth may occur from this agent. 

3. Amphotericin B for fungal endophthalmitis. Kidney damage may be pre- 
cipitated by the use of Amphotericin B in the treatment of fungal 
endophthalmitis by the systemic route. Studies of urea nitrogen to be sure there 
is no retention must be done at short regular intervals. In recent times intra- 
venous urea is used to control extreme intraocular tension when the other 
methods fail. One should be sure there is no decreased kidney function before 
giving this medication. 


ANESTHETISTS 


The first case observed and reported of closure of the central retinal artery 
caused by undue pressure on an eye by the anesthetist’s mask was in 1950." 
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Since that time over 25 cases have been seen or reported. This, as well as corneal 
abrasions, mechanically and from inadvertent chemical burns are all easily pre- 
vented by care and constant attention to the patient rather than becoming in- 
terested in the operative procedure. 

On the reversed side, is the increasing number of patients that have been 
on antihypertensive therapy for protracted uninterrupted periods of time. This 
group of patients then subjected to surgery and anesthesia, present difficult 
problems related to cardiovascular dynamics. They present a higher incidence of 
postanesthetic morbidity and mortality. The reason for this is that antihyper- 
tensive drugs suppress the formation of norepinephrine at ganglionic level. 
In cases of protracted administration, norepinephrine is displaced from the 
hypothalamus resulting in marked difficulties in homeostasis during anesthesia 
and surgery. 

At least 1 week prior to surgery all antihypertensive drugs, especially Rauwolfia 
compounds, should be discontinued. In 5 to 7 days all tranquilizers, especially 
meprobamate, should be stopped and 7 to 10 days before surgery all pheno- 
thiazine derivatives such as Thorazine should be canceled out. 

Iatrogenic adrenocortical insufficiency may result from prolonged therapy 
with corticosteroids. Any patient who has been receiving corticosteroid therapy 
for more than a month should have additional hydrocortisone administered 
during surgery and immediately after surgery. 

Recovery rooms should have standard rules that first postoperative narcotic 
dose be either one-half or one-third of that which is to be administered on the 
following days, as respiratory depression may be due to postoperative narcotic 
overdosage." 

Some anesthetic techniques are known to produce adverse effects in certain 
pathological conditions, such as spinal analgesia in the presence of disease of the 
central nervous system or the use of thiopental in porphyria. Cyclopropane 
administered to patients who have had deep x-ray therapy to the head and 
neck can cause a dangerous degree of respiratory depression. The incompatibility 
of Pitocin with light cyclopropane anesthesia and the possibility of citrate 
intoxication after massive transfusions of stored blood are other problems faced 
by the anesthesiologist. 

Lipson has called attention to the fact that use of epinephrine as a cardiac 
stimulant may actually induce cardiac arrest from potassium intoxication. 
Hypotension or anoxia due to hemorrhage causes liberation of larger quantities 
of potassium from the liver followed by increased concentration in cardiac blood 
to toxic levels. In experiments in which the hepatic vein was cannulated follow- 
ing injections of epinephrine the potassium levels in hepatic vein blood rose 
to over 300 per cent above the original values. In 157 cases of cardiac arrest, 
epinephrine was given to resuscitate the heart in 130 of the cases. Epinephrine 
should be avoided when adrenergic drugs seem indicated and isopropyl] arterenol 
should be administered instead. 

The Baltimore Anesthesia Study Committee" in a review of 1024 postoperative 
deaths concluded that “from 1953-1959 anesthesia was the principal cause of 
death in 6.3 per cent of cases and a contributory factor in 12.9 per cent.’’ The 
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mortality rate was 4 per 10,000 operations. Errors in preoperative preparation 
or medication of the patient and selection of the anesthetic agent accounted for 
almost one-fourth of the deaths. Faulty management of the anesthesia was the 
principal cause of death in more than 50 per cent of the cases. The remaining 
deaths were considered the result of improper resuscitation measures and post- 
operative medication and management. 

Care is necessary when the anesthetized patient needs to be moved. Circulatory 
and respiratory disturbances may be produced when an anesthetized patient’s 
position is changed from supine to lateral, prone or head up position. Cardiac 
arrest has been observed from moving or jolting an anesthetized patient. 

Fatal cervical fracture with a cervical spinal cord lesion can be produced by 
moving an anesthetized patient from the operating room table to another 
carriage at the end of a surgical procedure. A fracture of the intervertebral 
disc between 5th and 6th cervical vertebrae has occurred. The cervical spinal 
cord showed focal hemorrhages in both anterior horns. The anterior annular 
ligament at that area was ruptured with collagenous degeneration of the nucleus 
pulposis and focal hemorrhage. 

Body Temperature Regulation during Anesthesia in Infants and Children" 

Dangers of hypothermia. There is a 6 per cent reduction of basal metabolic 
rate for each degree drop (C) in body temperature. The patient needs less 
anesthetic and may die from relative overdosage. Infants under 6 months old 
cannot stand prolonged temperature below 32°C. Below 30°C ventricular 
fibrillation may occur. 

PSYCHIATRISTS 


Psychiatrists with shock therapy have precipitated retinal detachments and 
acute glaucoma in predisposed individuals. Fundus study in high myopes and 
intraocular tensions in patients with shallow anterior chambers should be a 
routine examination in preshock cases. Fatality has occurred after shock therapy 
in patients on reserpine. The latter should be discontinued at least 7 days 
before shock therapy. 

The oculist, however, should be aware that keeping on binocular patches 
after cataract surgery may disorient a senile patient. A nurse should be in 
constant attendance as long as the necessity for binocular patching is indicated. 
Of course one should try to know his patient mentally as well as physically be- 
fore any surgery is carried out. 

One should remember that Diamox may cause mental disturbances in the 
aged. Nystagmus and diplopia have been reported from the use of barbiturates 
and Dilantin. 

Persons with prior brain injury or mental deficiency are prone to a midbrain 
syndrome following the use of certain tranquilizers. This reaction occurs more 
frequently in unusually hot weather, which in turn suggests some disturbance 
of the heat regulating center. One should also remember that addiction can 
occur from the use of Demerol and barbiturates and that side effects from 
cumulative action of bromides should be remembered in the evaluation of 
certain eye disturbances such as Argyll Robertson pupils and diplopia. Levin" 
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says “no one will ever know how many patients with an unrecognized acute 
transitory bromide schizophrenia have received electric shock treatment which 
they did not need and which mistakenly was given credit for their recovery.” 


DERMATOLOGISTS 


Dermatologists will frequently tell their patients with atopic dermatitis 
not to scratch their faces for fear of leaving permanent scars. Instead of this, 
the patient will be allowed to knock their heads with their fists to alleviate 
the itching reaction. These patients have a diseased vitreous which makes 
them candidates for retinal detachment. I have seen cases of retinal detachment 
brought on by such maneuvres. Patients should be cautioned against this. 

On the other side, drugs such as sulphonamides and Serpasil have brought 
on erythema multiformes exudativa (Stevens-Johnson disease). Exfoliative 
dermatitis has been precipitated with gold and arsenicals and marked drug rashes 
brought on in a susceptible individual after taking 1 Diamox tablet. I have seen 
a generalized as well as a local reaction from local instillation of atropine in a 
postoperative cataract case. 

Photosensitivity due to Declomycin (demethylchlortetracycline) was reported 
by Morris."* After taking the medication for 4 days the patient went into the 
sun. Edema of the dorsal surface of the hands and across the bridge of the nose 
developed. 

After oral ingestion of psoralens, the skin becomes photosensitive in about 
an hour.'® Oral suntan pills (methoxsalen) have precipitated allergic solar 
dermatitis in some patients. The eyes become sensitive to ultraviolet light and 
must be protected from bright sunlight. The psoralens sensitize the eye to some 
of the wave lengths of light given off by fluorescent bulbs. Patients must be 
cautioned regarding work under intense artificial illumination while sensitized 
by psoralens. 

Other therapeutic agents that are photosensitizing are?® (Chart IV): 

1. Sulfonamides 

2. Diuretics (chlorothiazide and hydrochlorothiazide) 

3. Sulfonylurea hypoglycemics 

4. Phenothiazine group 

5. Antibiotics (Declomycin) 

6. Griseofulvine 

Baer and Harber*! states “Light in photoallergy to drugs provides the energy 
for the conversion of the drug into a compound with allergenic properties.” 


Photosensitizing Agents 
Sulphonamides 
Sulfonylurea hypoglycemics 
Chlorothiazide diuretics 
Phenothiazines 
Antibiotics 
Griseofulvin 


Cuart IV 
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PEDIATRICIANS 


The pediatrician who tells his patient’s mother not to worry about a squint 
as the child will probably outgrow it is misinforming, as the crossed eye might 
straighten (eyes with poor vision have a tendency to turn out) but at the price 
of future vision. He may err a second time by not examining the fundus and 
seeing that the crossed or exotropic eye does so because there is macular pa- 
thology with loss of central fixation. 

Serious sciatic nerve?* injury can result from injections of commonly used 
antibiotics and other agents into the buttocks, especially in infants. A paralytic 
foot drop with poor recovery may result. Sensory loss and absence of sweating 
over the distribution of the sciatic nerve is valuable in the diagnosis. Scarring 
occurs about the sciatic nerve. The midanterior thigh should be used for in- 
tramuscular injections in infants and young children to prevent this complica- 
tion (quadriceps muscle). Here is a greater muscle mass free of major vessels 
and motor nerves. 

The pediatrician should remember that sulfamethoxypyridazine (Kynex) may 
cause a marked Stevens-Johnson disease when ordinary sulpha medication might 
not. Cohlan** reported such a case in a baby 14 years of age, who was given 
375 mg. of Kynex daily. On the second day a macular papular eruption and 
vesiculation of skin appeared. A severe conjunctivitis and urethritis was 
also present. The condition responded to steroid therapy. The baby had pre- 
viously had Gantrisin with no bad effect. 

Young children have decreased tolerance to streptomycin; do not give 
combiotic, and never give more streptomycin than 10 mg. per lb. per day. 

Fortunately today retrolental fibroplasia is becoming nonexistent but we 
should not forget what precipitated this condition, too much oxygen in the 
premature infant. Any premature infant weighing 4 lb. or less at birth, should 
have an ophthalmological examination; 15 per cent of such cases had retrolental 
fibroplasia before it was recognized that the disease was linked to excessive 
oxygen. Concentrations are not to exceed 40 volumes per cent and to be used 
only when indicated. 

Vitamin A intoxication may cause pseudotumor cerebri. Morrice** and his 
associates reported 3 girls aged 14, 15, and 16 who had diplopia, papilledema 
and other symptoms suggesting brain tumor. In addition to various individual 
complaints, each had hypomenorrhea, alopecia, and rhagades or other marked 
forms of dermatoses. They had been taking 200,000, 200,000, and 90,000 units 
respectively of vitamin A daily. 

Treatment consisted in withholding vitamin A and Diamox to reduce intra- 
cranial pressure. In the differential diagnosis from true intracranial tumor, 
alopecia, rhagades, nonspecific dermatitis, arthralgia, hepatosplenomegaly and 
hypomenorrhea are important. 

De Young and Diamond” called attention to the possibility of iatrogenic 
factors responsible for hypernatremia in dehydrated infants. 

Patients mildly ill become hypernatremic after receiving medical care as 
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follows: large quantities of fluid with high salt content for oral ingestion; ad- 
ministration of isotonic sodium chloride solution by hypodermoclysis, intravenous 
administration of electrolyte solution at too rapid a rate. The results are coma, 
convulsions, and even death. 

Good et al.?* writing on serious untoward reactions to therapy with cortisone 
and adrenocorticotrophin in pediatric practice, noted 10 per cent in 334 patients 
so treated showed severe electrolytic disturbance, convulsive seizures, infections 
including septicemia, pneumonia, abscesses and peritonitis, duodenal ulcers with 
perforation and hemorrhage, severe emotional disturbances and pathological 
fractures. He mentioned the high incidence of death due to chicken pox in 
cortisone treated children. 

The use of phenothiazines in children has led to trismus, risus sardonicus, 
opisthotonus, muscular spasm and a syndrome similar to tetanus. Sixty cases of 
agranulocytosis due to phenothiazines are recorded in the world literature. 

The oculist too has his responsibilities in remembering that some refractive 
errors such as astigmatism against the rule may cause headache, nausea and 
vomiting if uncorrected for. Complete eye muscle studies should always be done, 
as cases have been known of surgery for wry neck being carried out when the 
true cause of the head tilt was a vertical muscle imbalance of the eye. 


INTERNIST 


The internist can easily recall untoward ocular reactions from drugs given 
with good indication for its use. 

Apresoline has worsened fields of vision on patients with glaucoma by lowering 
the blood pressure and interfering with the ocular circulation. Even the intra- 
ocular pressure has been raised in this fashion. 

Salmonella infections, other than typhoid, are on the increase. Flippin and 
Eisenberg?’ point out that alterations in the intestinal flora by oral antibiotics 
allow salmonella to flourish and multiply. Therapy with steroids contributes 
to the dissemination of salmonella in the body. 

The increase is also brought about by faulty sanitation in the increased 
number of public eating places and mass preparation and transport of packaged 
foods. The treatment beside the preventive aspect is with chloramphenicol. 

Significant hypoprothrombinemia, similar to that produced by therapeutic 
doses of bishydroxycoumarin (Dicumarol) has been observed after the ad- 
ministration of 6 to 10 gm. of salicylates daily.2* Dicumarol can cause retinal 
hemorrhages. A marked choroidal hemorrhage occurred after a few days therapy 
in a diabetic with this medicament. 


Blood Dyscrasias 


Scattered petechia and small purpuric lesions appeared in the skin of the 
lower half of the body following hydralazine poisoning (100 mg. daily for 2 
years). Death followed bowel hemorrhage and shock. 

The following can cause blood dyscrasias: 

1. Butazolidine 
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. Chloramphenicol 

. Tolbutamide 

. Pyrimethamine and sulphadiazine 
. Propylthiouracil 

6. Sulphonamides 

Chloramphenicol (Chloromycetin) was introduced in 1948. The first cases 
of aplastic anemia were reported in 1950 to 1952. There is enough used in the 
United States says Carnes to supply 3,732,416 persons with 10 gm. courses 
each day. 

There is an increase not only in the use of chloramphenicol but also the 
number of cases of aplastic anemia. Dameshek saw 30 patients in the past 3 
years with aplastic anemia; 8 had received significant amounts of chloramphenicol 
most of them for minor infections. ‘The tragic thing about all these seriously 
ill cases, most of whom died, is that the drug need never have been given.” 

Severe bone-marrow depression is most common following prolonged use of 
chloramphenicol. Following a total dose of as little as 1 gm. given over 2 days 
a fatal aplastic anemia resulted. Chloramphenicol is the most imporiant single 
agent responsible for acquired aplastic anemia (either toxic action or hyper- 
sensitivity reaction). It should only be used in impelling circumstance for which 
no other antibiotic is currently effective such as typhoid fever, hemophilus, 
influenza, meningitis. It is also good for coliform peritonitis and Klebsiella 
pneumonia. 

Caution not to use penicillin indiscriminately is re-emphasized. One should 
never prescribe the ointment for eye use because if local sensitivity results, 
systemic use for something more important is precluded. 

Almost all penicillin now are potassium salts (formerly one could get sodium 
penicillin) and 250 million units means at least 500 mg. of potassium. Since many 
patients have renal insufficiency one can only give 50 million units because of 
the danger of hyperkalemia. 

Blood dyscrasias associated with tolbutamide therapy is rare but should be 
kept in mind. A patient reported by Brod,?* developed toxic bone marrow 
depression which under adrenal steroids evolved into acute leukemia. Jost*° 
also found blood dyscrasias associated with this medicament, namely aplastic 
anemia. 

Bloodworth and Hamwi*! found granulomatous lesions and microgranuloma 
occurring in the liver, kidney and heart after taking tolbutamide. Neither dura- 
tion nor quantity of sulfonylurea administration alone is related to the incidence 
or sensitivity of the granulomatous lesions. The lesions may be due to hyper- 
sensitivity as they are similar to those seen following sulfonamide. 

Myocarditis was present in 65 per cent of the sulfonylurea treated patients 
but in only 34 per cent of the diabetic controls. Paroxysmal auricular tachycardia 
was observed in 1 patient treated with the sulfonylureas. 

Four patients reported elsewhere and 3 patients of their series plus 1 of my 
own caused or aggravated pre-existing ulcers of the stomach. 

Liver microgranulomas were found in 82 per cent of the sulfonylurea treated 
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patients while similar lesions were found in only 22 per cent of the diabetic 
controls. There were, however, no related clinical symptoms or laboratory 
abnormalities. When the microgranulomas occurred in portal areas, they were 
differentiated from cholangitis by their well circumscribed nature and the 
presence of both acidophilic histiocytes and eosinophils. 

Jaundice and abnormalities of the liver function test have been reported 
following sulfonylureas. Fatty infiltration was found in the liver tissue removed 
by needle biopsy from 3 patients receiving tolbutamide. 

Bloodworth and Hamwi found an increase in the percentage of islet a-cells 
102 weeks after instituting sulfonylurea therapy. A return to normal proportion 
of a-cells occurred after the drug had been discontinued for 2 weeks. 

Agranulocytosis, leukopenia, acute anemia and thrombocytopenia purpura 
have been reported. One case of aplastic anemia with death has also been re- 
ported. 

Kidney microgranulomas were found in 71 per cent of the patients receiving 
sulfonylurea drugs but only 30 per cent of the diabetic controls. 

Isoniazid can prevent complications of tuberculosis. Among 36 million persons 
infected with tuberculosis one in every 1000 develops active tuberculosis each year. 
The reactivation must be caught early and treatment started before the disease 
has progressed too far. 

In treating toxoplasmosis, care should be taken not to depress the bone 
marrow with pyrimethamine (Daraprim) and sulfadiazine, the therapeutic 
agents. 

Four per cent of granulomatous uveitis cases according to Leopold can flare 
up with skin testing with OT. Propylthiouracil caused hypoprothrombinemia 
and bleeding diathesis; vitamin K brought the prothrombin level to normal in a 
few hours. 

Barbiturates are well known to precipitate attacks of acute intermittent 
porphyria in persons with this genetic defect. Paralyses apparently occur more 
frequently (diplopia) in attacks precipitated by barbiturates than in those 
brought on by other factors. A general rule should be not to give barbiturates 
to patients with porphyria nor to their immediate blood relatives. Other factors 
that precipitate an attack are alcohol, progestational agents, sulphonamides, 
ergot preparations, chloroquine, lead and Sedormid. 

The internist should remember that an anaphylactic reaction has been re- 
ported by Rose*? after aqueous chymotrypsin injection. Since the medicament 
is protein in nature it can produce a sensitivity in susceptible persons. It is used 
in injuries where tissue hemorrhage and edema is a problem. 

Fatal anaphylactic shock has followed intradermal skin testing with dilute 
horse serum tetanus antitoxin using 0.1 cc. of 1:10 dilution. One should never 
use stronger dilutions than 1:100 for skin testing. 

Sell notes that physicians by grunts and grimaces unwittingly generate 
anxiety in patients or their families and can become a source of iatrogenic 
diseases, discomfort and woe. He mentions two types that should disappear: 
1. The alarmist who feels compelled to point out all the dire potentialities of 
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a patient’s disease. A murmur or too-lengthy gaze at a fundus or seeming concern 
can produce anxiety in a high strung patient. 

2. Polypragmatist who overtreats and uses broad-spectrum antibiotics where 
an aspirin would suffice. 

Internists should remember that acute allergic reactions may be due to 
morphine, codeine, meperidine hydrochloride, and opium alkaloids.** The latter 
cause the release of histamine. This is responsible for the pruritus and sneezing 
of opium addicts, contact dermatitis due to opiate in medical personnel, and 
anaphylactoid shock and urticaria following opium administration. Of all organs 
in the rat, the skin contains the greatest amount of histamine. It is not known 
whether the histamine is liberated by a direct chemical action of the drug or 
whether it follows from an antigen antibody reaction. 

The occurrence of diffuse thyrogenic alopecia occurred following Daraprim 
treatment.** Caution should be used against the use of pyrimethamine in all 
patients who show or have formerly shown signs of thyroid dysfunction. This 
patient who had diffuse alopecia and nodular goiter, had been treated 7 years 
previously for hyperthyroidism. 

Physicians who prescribe meprobamate should warn their patients of the 
danger of consuming alcoholic beverages as even small amounts affect coordi- 
nation and judgement. 

Excessive quantities of vitamin D may lead to gastrointestinal symptoms 
and later metastatic calcification. Massive doses of vitamin D may cause hyper- 
calcemia. An increase of the serum calcium level of 5 mg. per 100 cc. can be 
associated with chief cell hyperplasia with congestion, hemorrhage, calcification, 
and ulceration of the gastric mucosa. If the kidney is the site of calcinosis, renal 
insufficiency may develop. 

The Council on Foods and Nutrition of the Food and Drug Administration 
have been concerned over the possibility of central nervous system deterioration 
in patients with incipient pernicious anemia who assimilate modest quantities 
of supplementary folic acid with or without specific knowledge of potential 
harm. Oral intake of small quantities of folic acid is sufficient to correct the 
hematological dysfunction; nervous changes meanwhile may continue to pro- 
gress. The Commissioner of Food and Drugs decreed that vitamin preparations 
containing more than 0.4 mg. or 400 ug. per daily dose be sold only on pre- 
scription. 


Digitalis Intoxication 


The increased sensitivity of primary hypokalemic state to digitalis is well 
established. The ability of potassium to suppress arrhythmia and to correct 
digitalis intoxication is also well known. 

Whether digitalis depletes cellular potassium or interferes with active trans- 
port of potassium into the cell has not been determined. Digitalis overdosage 
causes intracellular potassium depletion. ““The proper dosage of digitalis,” says 
Moser,** “is an individual pharmacological experiment and should be considered 
such. The patient should be told the early signs of over-digitalization. The 
physician should recognize early clinical and ECG signs of digitalis intoxication.” 
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Acute Versenate Nephrosis 


This may occur as the result of treatment of lead intoxication. A 1-year-old 
girl with acute lead poisoning from eating plaster developed anuria and uremia 
5 days after treatment with calcium versenate (125 mg. per kg. of body weight 
daily for 3 days). She died after remaining anuric for 13 days. The kidneys 
showed acute tubular necrosis and internal hemorrhages which was attributed 
to the calcium versenate therapy. It is recommended that the dosage of calcium 
versenate should not exceed 75 mg. per kg. of body weight. 


ROENTGENOLOGISTS 


Cottell and associates call attention to the relationship of carcinogenesis to 
thorotrast (a colloidal suspension of thorium dioxide). The latter has been used 
in radiology since 1928, for cerebral angiography, hepatolienography, myelog- 
raphy and salpingography. Cases of malignant disease and fibroses of vital 
structures and anemias attributed to it, prohibits its use. 

Iophenoxic acid raises serum-bound iodine values. In 1957 Astwood reported 
an astronomically elevated serum bound iodine of about 4200 yg. per 100 ml. 
due to iophenoxic acid used for cholescystographic examination. Astwood con- 
cluded, it would take 33 years for the protein bound iodine level to return to 
1 wg. per 100 volumes after a single dose of iophenoxic acid. Shapiro** and 
associates reported two 4-day-old infants with serum bound iodine values of 
4000 ug. per 100 volumes. In each instance the mother had received iophenoxic 
acid for cholecystography 2 years prior to delivery. It seems that the acid can 
cross the placental barrier. Iapanoic acid used for the same purpose allows 
normal findings in 12 weeks and bunamiody] (orabilex) allows normal levels in 
4 weeks. 

In the treatment of diabetes, the internist should remember that given a 
patient with diseased vessels, too rapid lowering of blood sugar and too low 
blood sugar can bring on retinal and vitreous hemorrhages. 

Becket and Lewis noted of 178 patients with vascular occlusion in diabetics, 
24 manifested itself during periods of weight loss. During this period the rate 
of mobilization of body fat may be increased far more than required by the 
caloric demand. This fat is largely saturated and often present in increased 
concentrations in the blood. Change in blood coagulation may be brought on to 
induce thrombosis. Reduce diabetics slowly. Control diabetes if necessary with 
insulin during this time and add unsaturated fatty acids. 


OPHTHALMO-IATROGENIC DISORDERS 
Conjunctiva (Chart V) 


It is almost rare today to see cases of argyrosis from excessive use of silver 
nitrate or argyrol, due to the advent of the antibiotics and the more specific 
treatment of external infections, but those treated by overdosage with silver 
are still with us as a hangover of the last decades. 

The nonrecognition of polycythemic conjunctivitis allows for this condition 
to be incorrectly treated by adrenaline instillations daily by the patient until 
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Pigmentation Allergy 
Silver Atopic 
Adrenaline Dermatoconjunctivitis 
Epinephrine bitartrate 
Hemorrhages Stevens-Johnson 
Aspirin Butazolidine 
Diuril Sulfonamides 
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pigmentation of the conjunctiva results. The essayist has seen a patient who 
carried his bottle with him and all day long instilled adrenaline to keep his eyes 
clear as he was in the public eye and otherwise had too much explaining to do. 
The red blood count showed 9 million red cells which was reduced by bleeding 
and radioactive phosphorus, and the need for adrenaline disappeared. 

Tearing and burning of the eyes associated with follicular conjunctivitis in 
the lower palpebral conjunctiva and associated with preauricular enlargements 
may be due to epinephrine bitartrate used in the treatment of a glaucoma.*’ All 
drugs whose use cause irritation, notes Theodore,** contain methyl ammonium 
radicals which eventually decompose to methylamine or diethylamine. Epitrate 
does this. Brownish discoloration of the conjunctiva may follow prolonged use. 

Given a patient with an allergic history, one should never use an untried drug 
in both eyes of such person. Not adhering to this “learned by the hard way” 
rule, Furacin was instilled into both eyes of a patient who complained of vague 
irritative symptoms unrelieved by many antibiotics. Within a period of hours 
both eyes showed intense congestion with the corneas ulcerated and edematous. 
With the immediate withdrawal of the drug, nature did a good job in restoring 
the pretreated state. 

A severe case of Stevens-Johnson disease was brought on by systemic ad- 
ministration of Butazolidine for arthritis. A pseudomembranous conjunctivitis 
eventuating in symblepharon accentuated the eye complications. Both corneas 
were involved and for a while there was fear of blindness as part of a generalized 
skin reaction (erythema multiforme exudativa). Steroids and local cleansing 
agents reversed the pathology. 

Contact allergy of the eyelids and conjunctiva constitutes the most common 
form of allergic reaction encountered in ophthalmic practice. It is generally 
caused by the local use of drugs. The allergic reaction generally begins in the 
conjunctiva, then involving the adjacent skin of the eyelids in a typical ec- 
zematous dermatitis. Allergic dermatoconjunctivitis has been applied to this 
clinical picture by Theodore and Schlossman. Usually the drug does not cause a 
reaction on first contact. At least a week is required for sensitivity to develop. 
Once the allergy is established the conjunctiva exposed to the excitant requires 
hours for its development. An atopic background appears to play no role. Severe 
itching, papillary conjunctivitis, eczema of the skin of the eyelids, and conjunc- 
tival eosinophiles are noted. The earliest skin involvement due to eye drops may 
follow the usual paths of tear overflow, that is the canthi and adjacent lower 
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lid skin. Allergy to ointment often first shows along the lid margins which are 
swollen and inflamed. 

Many ophthalmic drugs are true sensitizers. On occasion, probably every 
drug used in the treatment of the eyes has resulted in allergic dermato-con- 
junctivitis. Local anesthetics, antibiotics, sulfonamides, mercurial and oph- 
thalmic alkaloids are the most frequently encountered. 


Cornea (Chart VI) 


One cannot emphasize too strongly the contraindication for use of steroids, 
particularly locally in herpes of the cornea (dendritic keratitis) and fungus 
infections. Progression to ulceration and perforation of the cornea can ensue. 

In treating measles one should remember that superficial punctate keratitis 
is the rule. Darkening the room and preventing secondary infection can prevent 
some permanent scarring that is seen in neglected cases of this disease. 

Epidemic keratoconjunctivitis has occurred in epidemics in clinics and private 
offices where the condition was not recognized and isolated. Transference by 
tonometers have been reported as the means of spreading this condition. A 
good rule is not to take tension during an acute conjunctivitis and sterilization 
of the tonometer should be done before and after use by flame and other high 
temperature means. 

In the treatment of recurrent pterygia with strontium 90 postoperatively 
according to Bernstein and Unger,** photophobia, itching, burning and punctate 
keratitis can be due to the mechanical and chemical trauma received during 
radiant therapy. To protect the lens, surface doses of 2000 to 2500 rep should 
not be exceeded. Strontium radiation reduced the incidence of recurrent pterygia 
following surgery and is best reserved for this condition. The bare scleral tech- 
nique avoids the formation of pseudo-pterygia. Patients receiving strontium 
therapy for pterygia should be observed for a minimal period of 4 years. 

Corneal strangulation can result from wearing contact lenses with too sharp a 
posterior curvature according to Lansche.*° The lens curve creates a suction cup 
effect that can prevent the metabolic exchange of gasses, hypertonic tears and 
heat. In a series of 14 patients he found punctate keratitis, confluent superficial 
erosion of corneal epithelium, central epithelial abrasions and conjunctival in- 
fection. Patients must be warned never to wear lenses too long or while sleeping. 
Never use the lens with conjunctivitis, blepharitis, or upper respiratory in- 
fections. Never use saliva for cleaning the lens. Many eyes have had to be 
enucleated following severe pyocyaneus infections. Fortunately this is an ex- 
tremely small percentage of the 6,500,000 wearers. 


Cornea 
Steroids EKC 
Herpes Radiation keratitis 
Fungus Contact lenses 
Measles Chloroquin 
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Sedan*! reported 3 patients with punctate keratitis and corneal ulcers that he 
felt was produced by antibiotics. Bowman and associates found 10 per cent of 
ophthalmic ointments tested to be contaminated with bacteria and molds. The 
chief offender was the bacitracin and polymyxin mixture. 

Corneal changes have been reported in antimalarial drugs such as atabrine 
that produced corneal edema expressing itself as blurred vision and seeing of 
halos around lights. Camoquin produced opacification of the subepithelial layers 
and Bowman’s membrane. Chloroquin used from several months to 2 years by 
Hobbs and Calnan*: * showed deposits in the corneal epithelium. The chlor- 
oquin was used in treatment of lupus erythematous and actinic dermatitis. 
Changes occurred just under Bowman’s membrane and a yellowish pigmentation 
just below the pupil occurred. 

A very interesting case of filiform keratitis seen by the essayist was brought 
on by the use of Plaquenil. The patient was treated for rheumatoid arthritis 
with this hydroxychloroquin. When first seen 8 months after taking the medi- 
cation, both corneas were so filled with this pathology that vision was reduced 
to 20/40+ and 20/50— vision; the conjuntivas were congested. Assuming a 
probable relation, the medication was stopped and the patient put on Premarin. 
In 2 weeks the corneas were perfectly clear and vision 20/20 O. U. The drug 
was then started again and the filiform keratitis began to recur. With discon- 
tinuation of the medication again the eyes returned to normal. 

Patients taking chloroquin should have ophthalmological examination at 
intervals as these drug changes can reverse to normal if detected early and 
medication discontinued. 


Muscles (Chart VIT) 


Clinical symptoms in man resulting from a deficiency of magnesium was first 
described by Hirschfelder in 1934. It is characterized by neuromuscular and 
CNS hyperirritability. A tremor is seen in most of the patients athetoid and 
choreiform in type and irregular in its appearance. Bilateral positive Babinskis 
and clonus may be present. Hypertension, tachycardia and painful sore hands 
and feet may also be evidences of magnesium deficiency. One patient reported 
by Smith** and associates had bilateral vertical nystagmus which disappeared 
after the administration of magnesium. The deficiency had been induced by 
chlorothiazide (Diuril) given for a prolonged period. This produced an increase 
in urinary magnesium excretion. This does not occur with acetazolamide 
(Diamox). 


Ocular Muscles 
Magnesium deficiency — Vertical nystagmus 


Altafur — EOM* paralyses 
Trilafon — oculogyric crises 
Dilantin — Abducens paralysis 
Hypothyroidism — Myokymia 


* EOM, extraocular muscle. 
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Twenty-five cases of neurological disturbances occurred in patients under- 
going altafur therapy. Diplopia brought on by lateral rectus paresis was re- 
ported by Loftus.** Other ocular manifestations have been diplopia related to 
weakness of a superior rectus muscle, nystagmus and blurred vision. The average 
duration of therapy prior to onset was 38 days. These manifestations usually 
clear without sequela following termination of altafur therapy. Other neuro- 
logical manifestations in 10 of the 25 cases were diminished, auditory acuity, 
peripheral neuritis, dysphagia, slurred speech and difficulty in phonation. 
Thrombocytopenic purpura has been reported in 2 patients. 

1. Always take altafur with food. Do not drink alcohol or medicine containing 
alcohol during treatment or for 7 days following. Sixty cases of alcohol altafur 
reaction have been reported. Erythema, urticaria, dyspnea, sense of chest con- 
striction, tachycardia, hypotension, bronchiospasm, arthralgia, facial edema and 
nausea have occurred. 

2. In the prevention of these reactions use this medicament only for infections 
not amenable to other drugs. If there is no response in 5 days, discontinue the 
drug. Under no circumstances continue the drug longer than 14 days. 

Oculogyric crises has occurred after a small dose of perphenazine (Trilafon). 
It can cause extrapyramidal seizures to tetanus-like convulsions. Children are 
particularly susceptible, in which case the symptoms may be mistaken for central 
nervous infection. Kassin‘* and associates saw an 8-year-old girl who was given 
1 mg. of perphenazine for restlessness after a respiratory infection. In 24 hours 
the child was sluggish, unable to hold her head up and complained of eye pains. 
Both eyes turned up and to the right and the neck was held in an opisthotonus 
position. The child was conscious, able to walk but unable to control her eyes 
or close her eyelids. The seizure lasted 30 minutes. She then fell into a sleep. 
Next day, 41 hours after medication, she had another oculogyric crises which 
lasted 2 hours. She again fell asleep and awoke several hours later normal in all 
ways. Her blood cholinesterase was 434 units (normal 200 units). Encephalogram 
showed slowing of the cerebral rhythm over the entire brain. 

Forced conjugate or askew movements of the eye (oculogyric crises) indicates 
extrapyramidal involvement and are seen in persons with parkinsonism and 
chronic encephalitis. It has also occurred following prochlorperazine (Compa- 
zine). 

If iatrogenic disorders can include the symptoms of improperly diagnosed 
and understood dysfunctions then we can include extraocular muscle myokymia 
brought on in a hypothyroid woman 22 years old. The condition resulted in 
recurring diplopia in looking down and to the left, lasting 20 minutes at a time 
and being evident for many months. A basal metabolism showed a —30 finding. 
The administration of thyroid emplets gr i daily did away with the condition 
after a few days. 

McLean“ and associates called attention to retinal perforation during surgery 
on the inferior oblique muscle. Doing routine indirect ophthalmology, 16 patients 
were found who had retinal tears about the site of extraocular muscle manipu- 
lation. A characteristically appearing tear is caused with no apparent retinal 
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detachment resulting. They suggest that inverted cutting needles may be re- 
sponsible. The sharp leading convex edge deep in the sclera causes the tear by 
tissue stress and distortion. They suggest that convex edges of needles used in 
muscle surgery should not be sharp. The needle should have pressure maintained 
in the exact direction of the needle curve and not put in too deeply. 

Havener and Kimball‘ reported on 4 cases of accidental scleral perforation 
during strabismus surgery on the horizontal muscles. They note that with the 
older dull needles it was acceptable to introduce the needle for recession, perpen- 
dicularly for a fraction of a millimeter before turning parallel to the surface. 
Such a maneuver with a sharp needle may result in a perforation. Modern 
needles should enter the sclera tangential to its surface and never be placed 
while the eye or patient is moving. Constant visualization of the tip of the 
needle is imperative. 


Lens (Chart VIII) 


Bilateral lens opacities were reported following the use of diisopropyl! fluro- 
phosphate eye drops (DFP—0.025% in peanut oil) in a girl aged 13 years. 
After using the medication nightly for 3 months a silver gray delicate and com- 
plete rosette formation of petals in the anterior subcapsular region appeared. 
This disappeared in 3 weeks on taking the patient off the drops. DFP has also 
caused retinal detachment, induced myopia, congestive iritis and iris pigment 
cysts. 

In 1941 Horner*® collected 177 cases of cataracts produced by dinitrophenol 
that was prescribed for weight reduction. Many times that number probably 
were not reported. New drugs for weight reduction should be well investigated 
before being released for general use. 

Posterior subcapsular opacities (PSC) appeared in 17 of 44 patients (39 per 
cent) with rheumatoid arthritis who received prolonged corticosteroid therapy 
according to Black® and associates. Serious impairment of vision was not evident 
and surgery not required. Six of 17 patients with PSC had subjective visual 
complaints. The importance of low maintenance dosage of corticosteroids in the 
prevention of PSC is emphasized. 


Retina (Chart IX) 


Pilocarpine causes Maxwell’s spot (fovea) to increase—hence no blood cells 
seen in Scheerer’s phenomenon. Two cases of cystic degeneration of the macula 
(hole in the macula) followed administration of Pilocarpine. Although it is true 
it occurred in one eye only of each patient with bilateral glaucoma and this 


Lens 
Steroid (PSC*) opacities 
Dinitrophenol 
DFP 
* PSC, Posterior subcapsular opacities. 
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Retina 
Hemorrhages 
Vitamin A 
Dicumarol 
Chlorthiazide 
Detachment 
DFP 
Macula changes 
Arsphenamine 
Pilocarpine 
Cuart IX 


observation should have been noted before in view of the large number of 
patients on the medication, the possible etiological relationship may turn out 
to be a mere coincidence. A third case was related to me by a colleague. 

Today Dicumarol is being advocated much more freely than the stringent 
indications of the past called for. Caution should be given a patient with diseased 
vessels unless the indications are exceptionally strong. A patient with marked 
arterial and venous changes in the fundus connected with advanced diabetes 
was put on Dicumarol for “dizziness” by a physician who said he suspected 
basilar artery changes. At this time the patient had 20/20 O. U.; 23 days later 
with prothrombin time at 30 sec. a severe choroidal hemorrhage blotted out all 
vision except hand movements peripherally. He was given vitamin K and ina 
day the prothrombin time was normal, but the vision was of this date 
abolished. 

Chlorothiazide can in a small percentage of cases produce hemorrhages with 
the picture of thrombocytopenic purpura. Retinal hemorrhage may occur. The 
drug in this case should of course be withdrawn from use, and see if nature can 
reverse the pathology. 

In the literature there have been cases of retinal detachment directly related 
the the use of DFP. Because of this possibility, this drug in the author’s opinion 
should not be given if any less dangerous drug can be substituted. 

Turtz and Turtz*' have reported retinal hemorrhages in a patient who had 
been taking 200,000 units of vitamin A daily for 18 months. It was prescribed 
for acne. The hemorrhages were discrete and superficial. Other changes associ- 
ated with overdosage of vitamin A are exophthalmus, choked disc, increased 
intracranial pressure, loss of hair and enlarged spleen and liver. 

Toxic retinopathy with vascular proliferation and hemorrhages into the vitre- 
ous in an asthmatic patient treated with arsenic was reported by Prickman™ and 
associates. Irritation of gastrointestinal, respiratory and genitourinary tracts 
usually disappear shortly after the use of the medication is discontinued. Lesions 
of the skin, liver, and blood vessels do not regress in many instances. Arsenic 
is a capillary poison. Morpurgo reported hemorrhage into each macula following 
a single injection of arsphenamine. 

Sheathing of retinal veins resembling the perivascular sheathing in multiple 
sclerosis occurred in a patient with arsenical peripheral neuritis. Six years after 
arsenic therapy was stopped, arsenic was still found in the body. 
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Optic Nerve (Chart X) 


Digitalis has produced various forms of visual disturbance; central scotoma 
and xanthopsia are the most common complications. There is no specific therapy 
except reducing the dosage of the drug. Potassium has been advised to abolish 
the toxic abnormality of heart rhythm but it in turn can cause atrio-ventricular 
block. Fortunately potassium can depress ectopic rhythms before it depresses 
atrio-ventricular conduction. There seems to be a safety margin. 

In susceptible individuals quinine can cause permanent amblyopia after the 
administration of comparatively small doses such as 5 gr. three times a day for 
2 days. There results haziness of disc margins to optic atrophy with marked 
constriction of the retinal arterioles. One should be cautious in prescribing this 
medication if there can be used safer substitutes. 

Methylene blue used intrathecally, reported by Evans and Keegan,** has 
produced bilateral optic atrophy. The dye becomes fixed to neural tissue and the 
subsequent course is irreversible. In addition to optic nerve changes, anosmia 
and quadriplegia resulted. 

This dye has been given as a 1 per cent solution in the ventricles and also 
intravenously with no ill effect, but in the lumbar subarachnoid space it is 
dangerous, for as noted above the dye becomes fixed to the neural tissue. 

Following chloramphenicol therapy, bilateral optic neuritis has been reported. 
Severe aplastic anemia, cutaneous eruptions (acne-like), mucous membrane 
irritation and psychiatric disorders can also occur. 

The aromatic amines are capable of depressing bone marrow function. Organic 
compounds that have a benzene ring with an attached amino or nitro group and 
that are readily oxidizable can depress the bone marrow function. Chloram- 
phenicol contains such a group. The skin lesions and anemia improved on 
cessation of the chloramphenicol but the vision remained poor. 

A reversible red-green color defect has been reported after use of Catron, a 
monoamine oxidase inhibitor (8-phenylisopropylhydrazine). 

The injection of diethylamine acetarsol*‘ solution for the treatment of chronic 
bronchitis and asthma produced blindness suddenly in a 65-year-old woman. 
The pupils were large and fixed and fundoscopic examination showed pallor of 
the optic discs. 

Forsyth® reported optic neuritis in 2 cases associated with visual loss following 
treatment with trivalent antimony salts. Treatment was discontinued and vision 
returned. 


Optic Nerve 
Chlorpropamide 
Chloramphenicol 
Digitalis 
Quinine 
Methylene blue intrathecally 
Catron 
Acetarsol 
Antimony 
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Today with Plaquenil (hydroxychloraquin sulfate) being used in other con- 
ditions than malaria, namely acute disseminated lupus erythematosus, rheu- 
matoid arthritis, actinic dermatitis and as a desludging agent in vascular disease 
processes, attention should be given to possible retinal complications namely 
field changes with visual loss, pale discs, narrowing of retinal vessels, peripheral 
pigmentation and aggregate of fine pigment in the macula.” 


CONCLUSION 


This presentation has attempted to make us all aware of the importance of 
including a history of medication taken by the patient before and at the time 
we see him in order to better understand the findings that we observe and to 
allow for better correlation where indicated. 


108 East 66th St. 
New York 21, N.Y. 
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LACRIMAL APPARATUS 
SOME THOUGHTS ON THE LACRIMAL CANALICULI 


Watter J. Levy 
Johannesburg, South Africa 
South African M. J., 1960, 34: 1059 


Levy points out three main sites of lacrimal canalicular obstruction: (a) the 
everted punctum, (b) lacerated canaliculus, and (c) obstruction of the medial end 
of the canaliculus when it enters the sac wall. Eversion of the inferior punctum 
preventing its contact with the lacrimal lake is often a cause of tearing. Methods 
of correction which he recommends are cautery puncture of conjunctiva below 
and lateral to the punctum. He feels the three-snip operation is rarely necessary 
because most eversions respond to repeated cautery. 

Lacerations of the inferior canaliculus are best repaired within 36 hours. The 
retracted cut canaliculus is difficult to identify. He threads it with nylon or poly- 
ethylene tubing followed by suturing conjunctiva, muscle, and skin reinforced 
with mattress sutures to prevent retraction. 

Obstruction of the canaliculus 2 or 3 mm. before it enters the lacrimal sac is not 
too uncommon. To correct the medial strictured end, the author suggests opening 
the sac under the canthal ligament, identifying the obstructed canaliculi with 
probes, excision of the obstruction and its invagination into the elliptical gap in 
the sac. He uses a polyethylene tube to insure patency of the canalicular-sac 
junction. 


Comment: Undoubtedly these are the three frequent areas of canalicular obstruction. 
Eversion of the punctum is rarely cured by cautery puncture. It may require removal of 
an oval area of conjunctiva just below the punctum to correct the eversion. The three-snip 
operation is often the best method of correction inasmuch as the canaliculus lies in the 
lacrimal lake. 

The lacerated canaliculus should be repaired correctly as Levy emphasizes and every 
effort should be made to locate the two ends even opening the sac to use retrograde 
catheterization if necessary. Retraction occurs from the pumping action of the medial 
end of the lower lid blinking and causes scar tissue retraction. The cut end of the lid 
should be securely fastened as he suggests with mattress suture. 

The obstruction that occurs at the medial or isthmal end of the canaliculus is annoying 
and although I have not opened the sac and cut off the stricture and resutured the in- 
vaginated end to the eliptical gap in the sac, it may be the correct method of dealing 
with this annoying problem. Leaving polyethylene tubing in several weeks as he suggests, 
creates canaliculitus and incites added strictures. 

J. VERNAL CAssADY 
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REFRACTION 
BINOCULAR VISION IN BILATERAL APHAKIA 


N. L. Stokor 
Edinburgh, Scotland 
Proc. Roy. Soc. Med., 1960, 53: 192-195 


Comparatively little attention has been paid in the literature to the state of the 
ocular muscle balance after bilateral cataract extraction, and it has been stated 
that such patients do not attain stereoscopic vision or that there is a grave danger 
of diplopia due to heterophoria, particularly if the cataract operations are sep- 
arated by a long interval of time. Toselli and Venturi (Ann. ottal., 1954, 80: 241) 
concluded from a study of 17 patients and the available literature that patients 
who have enjoyed good binocular vision before the development of cataract may, 
in spite of old age and long operation interval, obtain an excellent restoration of 
sensorial and motor activity. They added the proviso that aniseikonia should not 
be greater than 5 per cent. 

In the present communication 61 cases were studied, the total numbers of each 
sex being approximately equal. The ages of the patients ranged from 40 to 84, the 
interval between operations from 2 months to 15 years, and the tests were per- 
formed within a year of the second of these operations. The Worth 4-dot test was 
employed at 6 meters distance to determine the presence of binocular vision, and 
also at reading distance of 33 em. Gross anisometropia that might lead to size 
difference was noted. 

Heterophoria was estimated on the Maddox rod and wing, while the Major 
amblyoscope, cover-testing and, in some instances, bar-reading were used to con- 
firm the presence of binocular vision. It is important to remember that tests em- 
ploying dissociation to determine the presence of binocular vision do not neces- 
sarily represent true binocular balance in free space. 

Three patients treated by muscle surgery were excluded from the classification, 
as they form such a small group. Two of these showing divergence were able to 
fuse with stereopsis after operative resection of an internal rectus. A third patient 
failed to obtain binocular vision after right external rectus tenotomy. 

Binocular single vision was found in 23 cases, ranging in age from 42 to 78. A 
greater number is shown in the 61 to 80 group, due to the larger number of cata- 
racts coming for treatment in these decades. Seventeen cases required prisms to 
obtain binocular vision, for all distances or near only. Quite a number of cases of 
bilateral aphakia seem in a state of flux for some months after the second opera- 
tion. Several showing initially either suppression or diplopia have subsequently 
improved or recovered their binocularity. Some of the prisms prescribed were 
later found to permit reduction. 

A group of 10 patients were found variable on the Worth 4-dot test; the ma 
jority of this sub-group were binocular for distance and showed an intermittent 
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crossed diplopia for near. This group of cases required further attention by the 
prescription of prisms. Eight patients failed entirely on the Worth test, distance 
and near, with intermittent diplopia or suppression at all distances, and showed 
no improvement within the period of the investigation. Some of this group had 
less good visual acuity; poor vision in one or the other eye obviously militates 
against a good functional prognosis. 

Approximately 75 per cent (17 out of 23) of the complete successes occurred 
with an interval of less than 4 years between operations. Of the failures, 40 per 
cent had intervals of over 4 years. A possible trend in the older age groups of 
descending percentage success with increasing interval may be observed, but the 
numbers become too small for statistical analysis. It does seem that a long inter- 
operation interval, even of several years, is not incompatible with recovery of 
binocular function. A persistently higher percentage of success was found in the 
females in each group; this majority does not appear to be pure chance, but would 
require some further investigation. 

Thus, the prognosis regarding binocular vision in bilateral aphakics appears to 
be less gloomy than generally recognized. Recovery from binocular interruption 
and phoria may not be immediate but may follow after the wearing of the appro- 
priate correctly centered glasses, or by the provision of prisms or by operation. 
Prognosis is less dependent on age or interval than on the inherent preoperative 
binocular function. 


Comment: Many patients with bilateral aphakia have good binocular vision and rea- 
sonably good stereopsis, although several years might have passed between their two 
cataract operations. Binocular vision is a faculty which, once effectively practiced, will 
not be lost through disuse. It will return if conditions are proper. On the other hand, it 
will easily be suppressed if the obstacles are too great for the effort. People with binocular 
aphakia will hardly ever complain of diplopia if they have no effective binocular vision. 
The chances for effective binocular vision (not only apparent binocular vision under the 
conditions prevailing during the usual office examination) are much better in the bi- 
laterally aphakic patient than in the monolularly aphakic, even if the latter is corrected 
with a contact lens. Unfortunately, our author had only one case of bilateral aphakia 
younger than 40 years of age, and one older than 80 years of age. Both had no binocular 
vision. The latter of the two cases might have suffered from debility of old age or lack of 
alertness. The first had probably some other ocular pathology, some kind of complicated 
cataract. One case in each group is not sufficient for statistical evaluation. Still, one will 
expect that binocular vision will be generally poor in both of these age groups. Most of 
the cases reported in this paper were 61 to 80 years old. In this age group cases with good 
binocular vision were frequent and those with no binocular vision at all constituted a 
small minority. 

One of the common obstacles to binocular vision in aphakic patients (monocular and 
binocular) is vertical phoria. Whether the cause of it is damage to the superior rectus 
muscle (the use of a bridle suture is a wide spread practice!) I don’t know, but I suspect 
it to be the cause. It is most often transient. If it is not, or if it is only slowly disappearing, 
vertical prisms will be a great help. Vertical phorias must be very carefully tested and 
corrected in aphakia, monocular or binocular, in case both eyes have reasonably good 
vision. 

ARTHUR LINKSZ 
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NEOPLASM 
RHABDOMYOSARCOMA 


EDITORIAL 


J. A. M. A., 1961, 175: 319 


Rhabdomyosarcoma, a malignant tumor of striated muscle, has received little 
attention from clinicians, but its lethal nature and the many problems of diag- 
nosis and treatment that it presents are attracting increasing study. 

Early in its course, rhabdomyosarcoma in children may appear as a relatively 
well-demarcated, firm, but not hard, nodule in soft tissue or as a polypoid struc- 
ture (sarcoma botryoides) at the external ear, nasopharynx, vagina or some other 
orifice or lumen. The first delay in diagnosis may occur when the physician pro- 
nounces that this lesion is benign and he ‘“‘will follow it.”” Then, as the tumor 
grows and the alarm is sounded, a biopsy is made, and the second delay in diag- 
nosis may ensue. The pathologist may be confused, especially if the tumor is the 
botryoid sarcoma. His reference books are of little help. They chiefly contain ar- 
guments as to whether sarcoma botryoides should be called rhabdomyosarcoma, 
mesenchymoma, or dysontogenesis. Eventually, the pathologist or clinician in- 
quires about the age and symptoms of the patient, the site and gross appearance 
of the tumor and its natural history to date; he looks at the histological sections 
and any pertinent roentgenograms; he relates his findings to similar findings in 
past cases, and finally he gives the correct diagnosis and prognosis. 

By this time it is often too late for radical surgery—the only kind that offers 
any hope to the patient. In fact, the location of these tumors in such sites as the 
head and neck, hip, thigh, and urogenital region may make successful surgery 
impossible even in early lesions. 

Radiation therapy may produce temporary palliation in about one-half of 
patients with rhabdomyosarcoma, but it is not considered curative. The prog- 
nosis, then, in children with rhabdomyosarcoma is poor indeed unless the tumor 
is situated distally on an extremity and is treated by prompt and radical surgery. 

A communication published elsewhere in THe JouRNAL (p. 293) confirms this 
unhappy prognosis. However, the situation is not hopeless. Recently, actinomy- 
cin D has proved beneficial in treating some children with rhabdomyosarcoma; in 
one patient reported on it produced sufficient regression of the tumor to allow 
radical surgery. It is possible that other anticancer drugs now under study may 
have similar effects in those patients whose tumors are refractory to actinomycin 
D. Such facts and possibilities predicate the urgency of early diagnosis and re- 
ferral, since present anticancer drugs are at best of palliative value only, once the 
malignancy has become widely disseminated. 

Another observation reported in the communication is the finding of rhabdo- 
myoblasts in bone marrow aspirates from three of these children. The cells varied 
from highly anaplastic “blasts” reminiscent of acute leukemia to differentiating, 
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multinucleated cells giving rise to coarse fibers. In neuroblastoma of children, the 
presence of malignant cells in bone marrow aspirates is more commonly noted 
than it is in rhabdomyosarcoma, but in both instances this indicates metastases 
of the bone, and surgical attempts to remove the primary are not indicated. 
Before subjecting them to surgery, bone marrow studies should be made in all 
children with malignant tumors. Since marrow invasion and replacement by 
tumor tissue may be associated with greater susceptibility to the leukopenic and 
thrombocytopenic effects of x-radiation and anticancer drugs, such study, also, 
should precede administration of x-ray therapy or anticancer drugs. 

Obviously, more inquiries into the fundamental nature of rhabdomyosarcoma 
—clinical, biological, physical, and chemical—must be forthcoming. 


TREATMENT OF RETINOBLASTOMA IN THE 
PRIMARY STAGE (ENDOCULAR) 


PRELIMINARY COMMUNICATION 


FEeLiIcIaNo PALOMINO DENA 
Department of Ophthalmology, Hospital Infantil de Mexico 
Gac. méd. México, 1960, 90: 219-230 


In 1958 the results of treatment with irradiation and chemotherapy in ad- 
vanced cases of retinoblastoma (3rd and 4th stage) were presented. Now the re- 
sults of the same treatment in retinoblastoma at its beginning (first stage) are 
reported. 

The investigation presented in 1958 was directed at obtaining betterment in 
the survival of cases called hopeless in which chemotherapy and irradiation were 
utilized, since it was only possible to work on the localization and not on the 
generalization of the tumor. 

In the present communication we present results which were obtained on 
patients in whom it was possible to effect a cure and at the time to conserve a 
useful visual function (retinoblastoma at its beginning), as well as the experience 
that can permit the ophthalmologist to solve one of the most difficult problems, 
namely, that of bilateral retinoblastoma, the source of great emotional trauma 
for the doctor and tragedy for the families of the young patients on being told 
the extreme necessity of removing both eyes to save life. 

Until a few years ago the diagnosis of retinoblastoma still in its earlier stage 
necessitated the immediate enucleation of the diseased eye. With the works of 
Martin and Reese, Weve, Stallard, and others, conservative treatment by 
means of x-ray irradiation, diathermocoagulation or of radium irradiation was 
advised, but only in tumors very near the beginning and which satisfy certain 
conditions of extent, depth, and localization. 
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These ideas signify a great progressive step which permits the obtaining of a 
small percentage of cures without sacrificing the eye. But their indications were 
very limited, and what is worse, the cure is sometimes not definitive, because 
the tumor on some occasions will give signs of activity and the problem will 
remain latent, obliging one to extirpate the eye in order to arrest the disease. 


Comment: The author confirms the supplementary and additive value of a radiomi- 
metic drug such as triethyelene melamine in the treatment of retinoblastoma. In addition 
to the necessary precision type of treatments he gives routinely the triethylene melamine 
by way of the carotid artery. He simplifies this technique by injecting the drug trans- 
cutaneously into the carotid artery instead of dissecting down to the artery and making 
the injection directly into it. 

ALGERNON B. REESE 





EYELIDS 


APPARENTLY TRIVIAL WOUNDS OF THE EYELIDS WITH 
INTRACRANIAL DAMAGE 


A. N. GuTHKELCH 
Royal Manchester Children’s Hospital, Pendlebury, England 
Brit. M. J., 1960, 2: 842-844 


This paper reports the course and outcome of 6 cases of penetrating roof of 
the orbit seen at the Royal Manchester Children’s Hospital during the last 
decade. In 5 of the 6 the seemingly trivial injury in the region of the eye had 
been sustained from a sharp object (sharpened bamboo stick, pencil, iron fence 
spike). 

In case 1 several pieces of a bamboo stick, causing lacerations of both frontal 
lobes, with a large intracerebral hematoma were found on frontal craniotomy. 
This child developed epilepsy and a permanent change in personality. 

The subject of case 2 recovered from ptosis after extraction of a foreign body 
within the anterior fossa of the skull. 

Postmortem examination in case 3 revealed a fracture of the orbital plate of 
the frontal bone, laceration of the overlying meninges and brain, a diffuse 
suppurative encephalitis of the whole right hemisphere, and a generalized menin- 
gitis. 

The other 3 patients developed brain abscesses. All recovered after operation. 
In all cases the illness was greatly prolonged because of the lack of a prompt 
and correct diagnosis. 

The bone of the roof of the orbit is well known to be thin and easily fractured. 
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In the child, not only is the roof of the orbit very thin but the lack of develop- 
ment of the supraciliary ridges renders it peculiarly vulnerable to any wound that 
is inflicted in an upward direction. In 5 of the 6 cases this was known but in 
only one was the precaution of an x-ray investigation taken until the patient’s 
subsequent clinical course was giving rise to anxiety. 

Despite the absence of any history of loss of consciousness or other neurological 
disturbance, immediate x-ray examination of the skull, with special reference 
to the roof of the orbit, should be made. If the cranium has been penetrated, 
early and complete exploration is imperative. 


Comment: This review of 6 patients with apparently trivial injuries and intracranial 
damage is important because results are serious if the condition is not recognized. In 
modern society with the multiple objects that can cause this type of injury one must 
always be alert to the seriousness of any penetrating injury to the lids or conjunctiva. 
It seems that orbital cellulitis from small penetrating injuries is becoming more common. 
In most of the patients inadequate examination at the time of the injury was the reason 
for later complications. 

ALBERT N. LEMOINE, JR. 





ORBIT 
EXOPHTHALMOS ASSOCIATED WITH MALIGNANT LYMPHOMA 


James N. GREEAR, JR. AND CHARLES D. LANNING 
Reno, Nevada 
Rocky Mountain M. J., 1960, 57: 42-47 


A case of malignant lymphoma of the orbit is reported because it differs from 
the usual cases in that the first and most conspicuous symptoms appeared in 
the eye following trauma; the lymphoma was diagnosed only at autopsy; the 
underlying disease was masked by severe systemic disease and orbital cellulitis; 
and the lesion was not disclosed by repeated biopsy of retrobulbar tissues. 

For the purpose of this paper, all malignant lympomas will be considered as 
malignant mesenchymal tumors varying only in degree and type of differenti- 
ation. A simple and practical classification is as follows: (1) tumors composed 
of lymphocytes or lymphoblasts, which include lymphosarcoma (diffuse pro- 
liferation), giant follicular lymphoblastoma (slowly progressing, highly differ- 
entiated lymphosarcoma), and lymphatic leukemia; (2) tumors composed of 
reticular cells, which include reticulum-cell sarcoma (uniform cells differenti- 
ated along reticular line), and Hodgkin’s sarcoma (full pluripotentiality of 
reticulum cells with reactive inflammatory cells). These types can be dis- 
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tinguished only by biopsy, and histological patterns may vary between these 
types even in the same lesion. 

Lymph node involvement is the commonest symptom. While superficial nodes 
are most frequently involved, involvement of mediastinal or retroperitoneal nodes 
is not uncommon and is manifested by pressure symptoms. Primary sites are 
sometimes outside the nodes. Splenomegaly is prominent only in leukemia, but 
is fairly common in follicular lymphoma or Hodgkin’s disease. Blood studies do 
not ordinarily reveal characteristic changes. Bone-marrow aspiration rules out 
aleukemic leukemia, but reveals few changes characteristic of malignant 
lymphoma. Various symptoms may occur as a result of pressure or of involve- 
ment of different organs. Systemic manifestations like chills, lassitude, per- 
spiration, weight loss, appear only in advanced stages, except in Hodgkin’s 
disease. 

In the early stages while the lesion is localized, the glandular enlargement is 
usually the only symptom. When disease becomes generalized, the course be- 
comes rapid, often with swelling of the neck, danger of asphyxia from pressure 
of mediastinal nodes, abdominal distention or ascites, edema of the extremities, 
pain from pressure against nerves, and bone involvement. 

Differential diagnosis is difficult and may be impossible if adenopathy or 
abnormal findings in the blood or bone marrow are not observed. Differentiation 
of the different types of lymphoma is equally difficult. Diagnosis is based pri- 
marily on excision biopsy of more than one node, and study of the specimen by 
a skilled pathologist. 

Lymphoma may occur in the orbit at any age or in either sex, may be uni- 
lateral or bilateral, and ordinarily is not associated with symptoms of systemic 
disease. Growth of the lesion may be slow or rapid, and is associated with edema, 
limitation of movement, palpable mass, and protrusion of the eyeball. Intra- 
ocular structures may be involved by spread from papilledema or infiltration of 
the retina or uvea, but primary lesions are rare within the eyeball. Ordinarily 
lymphoma of the orbit can be diagnosed from biopsy of subconjunctival tissue 
or of lymphoid tissue from the lacrimal gland. However, adenoma may appear 
anywhere in the orbit, either as circumscribed mass or as diffuse growth sur- 
rounding the globe. It may also appear in periocular structures. 

Ordinarily the course is insidious, and is manifested first by exophthalmos, 
or by unexplained mass under the skin or in the orbit. The course of lympho- 
sarcoma is, however, likely to be fulminating, with a picture of acute inflam- 
mation. 

In the author’s case, severe systemic disease was conspicuous, and extraocular 
muscles were infiltrated from retrobulbar tissues without tumor formation. 
Blood examination did not suggest hematopoietic disease, and no peripheral 
adenopathy was present. In cases of undiagnosed exophthalmos or atypical 
orbital cellulitis, repeated biopsy and bone-marrow studies are essential. 


Comment: Although it is well known that exophthalmos may be associated with malig- 
nant lymphoma, apparently it is difficult to establish this diagnosis. This is true even 
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when biopsies have been performed as demonstrated here. This case would seem to stress 
the value of bone marrow study in all patients presenting this type of problem. 
Irvine H. LEOPOLD 





CORNEA 
CORNEAL HETEROGRAFTS 
S. Erzine 
Johannesburg, South Africa 
Med. Proc. (South Africa), 1960, 6: 322 


A pressing problem in corneal grafting is the shortage of human donor corneas. 
While it is difficult enough to obtain corneal material for operations of election, 
the supply position breaks down completely in the case of corneal grafting 
under emergency conditions. Most surgeons will not use corneas which have 
been preserved for much longer than 48 hours by current techniques. 

Consequently, the techniques devised by Payrau of Paris (1958, 1959) for 
processing corneas so that they can be used after long months of storage at 
room temperature represent a great advance. He found that, when bovine or 
canine corneas were rapidly frozen at very low temperatures and then desic- 
cated, they were altered in some way which allowed them to be grafted success- 
fully into human eyes. He has performed numbers of heterografts of this kind 
in which the donor cornea has remained perfectly transparent. His technique 
succeeded with lamellar grafts but not with penetrating grafts. 

The author reports 2 cases in which 5.5 mm. lamellar grafts cut from bovine 
corneas, prepared in France by the Institute Chibret according to Payrau’s 
technique, were successfully grafted into human eyes. In the first patient, the 
temporal two-thirds of the graft remained completely transparent, but the 
nasal one-third showed some opacification. In the second patient, although the 
graft became opalescent rather than transparent, the result was a considerable 
improvement over the pre-existing condition. 


Comment: The bovine corneas used in the operations reported upon were calf corneas 
desiccated chemically and not by the usual lyophilization (freeze-dry) technique. Pre- 
served corneas are “indifferent” tissues and will often incite much less reaction when 
transplanted as homografts than fresh corneas. They are often preferred to fresh corneas 
for therapeutic use in humans. The experiments of S. B. Chavan and J. H. King, Jr. 
(Experimental Lamellar Heterografts; Comparison of Fresh and Preserved Donor Cor- 
neas, Am. J. Ophth., 49: 1387-1397, 1960) showed that antigen-antibody types of re- 
actions which occurred with all donor tissues used in lamellar heterografts were less 
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frequent with preserved corneas than with fresh corneas. It has also been demonstrated 
that the process of dehydration removed some of the protein from preserved nonviable 
arterial grafts. Precipitin tests in rabbits suggested that some of the antigenic properties 
were also removed. These phenomena must also pertain to corneas preserved by any 
method which destroys viability. 

The selection of the type of animal cornea to be used as a heterograft seems to be 
important. Payrau and his associates found that preserved dog corneas transplanted to 
humans did well whereas similar grafts from pig to man did poorly. The grafts used by 
the author (Etzine) were small as were the grafts of Payrau, and this improves the results 
in any lamellar graft. We have transplanted large (8 and 9 mm.) preserved cat corneas 
to humans for therapeutic indications and although the results are satisfactory, healing 
and clearing of the graft is somewhat prolonged. 

Etzine’s excellent report points out a major issue—there is a real shortage of human 
corneas. The demands for corneal tissue for lamellar grafting are great and fresh tissues 
are not available in some areas of the world, and in fact, in some sections of the United 
States. Corneas are often wasted by Eye Banks in this country. It would be far better to 
preserve unneeded human corneas and ship them to eye surgeons who require them 
throughout the world. I am convinced that better results are obtained by using human 
corneas, fresh or preserved, than by preserved animal corneas. 

J. H. Kine, Jr. 





GLAUCOMA 
THE DIAGNOSIS AND TREATMENT OF SIMPLE GLAUCOMA 


Sir Stewart DuKe-ELDER 
Institute of Ophthalmology, University of London, London, England 
Am. Pract., 1960, 11: 936-937 


This is a condensation of an article which originally appeared in the Canadian 
M. A. J., 1960, 82: 293-297. 

An excessive diurnal variation in the ocular tension in the early stages of 
the disease is more important than its height. Patients with a diurnal variation 
of more than 5 mm. Hg gradually show an increase in the base pressure over 
subsequent years. 

In such cases, so long as the tension shows merely a normal diurnal variation 
of 2 to 3 mm. Hg I would hesitate to label the eye glaucomatous and in practice 
do not suggest any active treatment but merely observe the patient at regular 
intervals. 

Of the two provocative tests, the water drinking test and the bulbar pressure 
test, the latter is of more value. In the Blaxter method, developed in this Insti- 
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tute, a load of 50 gm. is impressed upon the eye in addition to the tonometer, 
and the facility of outflow of aqueous is measured. If the fall in tension after 
this pressure has been applied to the globe for 4 minutes is not 30 per cent of the 
initial intraocular pressure, there is an organic obstruction to outflow. 

It is quite essential to draw the disc in every suspicious case and compare one 
drawing with its successor, so that the gradual spread of the dipping of the 
margin and the gradual increase in depth can be assessed. 

Peripheral fields should be plotted on the perimeter with special care for 
evidences of an early nasal step, while the central field should be explored by the 
campimeter screen for typical glaucomatous scotomata. Whatever technique is 
used, the discovery of small scotomata is much more effective if the illumination 
is dim and standardized, and the target is of a small visual angle of the order of 
2/2000. 

Operations should not be performed no matter what the height of the tension 
may be, unless function, as evidenced by the visual fields, is becoming impaired. 
Until and unless this occurs, I prefer to rely on miotics. 

In miotic treatment the sheet anchor is pilocarpine in strengths of 2 to 5 per 
cent. It can be reinforced by eserine and, in cases of emergency, by stronger 
inhibitors of cholinesterase, such as diisopropyl fluorophosphate; but I hesitate 
to use these stronger drugs for long. 

Methazolamide (Neptazene) is more useful than the more commonly used 
acetazolamide (Diamox) as a carbonic anhydrase inhibitor, in that the former 
penetrates the eye more readily (300 mg. is about the equivalent of 1000 mg. of 
the latter) and has fewer renal and systemic effects. 

In those cases which are characterized by cupping of the disc and field defects 
rather than by raised tension, mild vasodilatory drugs such as nicotinamide 
should never be forgotten. 

So long as we treat simple glaucoma as a local mechanical block to the outlet 
of the aqueous humor at the angle of the interior chamber, so long will a con- 
siderable proportion of our cases suffer slow and progressive deterioration of 
vision. 


Comment: Although Duke-Elder prefers the bulbar pressure test to tonography, it 
is surprising that no comparison of the two methods has come out of the Institute. The 
impression one gets from visiting British ophthalmologists is that tonography is fast 
becoming the preferred method. 

The question is raised as to the validity of Duke-Elder’s statement that surgery should 
not be performed no matter what the height of the tension unless function is becoming 
impaired. One might modify this to say, “except where the tension remains high enough 
as to potentially impair function.” What this level may be is debatable. Perhaps a tension 
which remains above 30 mm. Hg in spite of all medical therapy should be considered for 
surgery. 

The most important statement with which this commentator takes issue is: 

“So long as we treat simple glaucoma as a local mechanical block to the outlet of the 
aqueous humor at the angle of the anterior chamber, so long will a considerable propor- 
tion of our cases suffer slow and progressive deterioration of vision.” 
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Our methods of therapy do not depend on a specific etiological mechanism since this is 
uncertain. We treat simple glaucoma with drugs which increase outflow and decrease 
aqueous formation. Until we have available other more effective specific therapy, it 
makes little difference whether we consider simple glaucoma mechanically or from a 
neurovascular viewpoint. 


SavuL SuGaR 





CONJUNCTIVA 


THE SMALL BLOOD-VESSELS OF THE CONJUNCTIVA AND NAILBED 
IN DIABETES MELLITUS 


JAcoB LANDAU AND Ei Davis 
Jerusalem, Israel 


Lancet, 1960, 2: 731-733 


Ditzel and his associates have studied small blood vessels of the conjunctiva 
in diabetes, and the present authors recently published an investigation of small 
vessels of the conjunctiva and nailbed in healthy persons and in several disease 
conditions. 

The present study continues the latter investigation, using 75 persons with 
diabetes over 40 years of age, 53 of whom where over 56. Twenty-five of these 
had increased blood pressure, and of those without hypertension 28 had signs 
of arteriosclerosis. Diabetic retinopathy of variable severity was present in 20 
patients. The diabetes had lasted from less than a year in 2 cases to between 
15 and 22 years in 6 cases. The technique of investigation was the same as that 
used in the earlier study. 

Small vessels were examined for venous congestion, considering as congested 
all vessels of the conjunctiva with a diameter over 33 u, and of the nailbed those 
with diameter over 12 uw. Severe capillary narrowing indicates a vessel with a 
diameter 3.5 » or less. Arteriosclerotic patterns were also searched for, and the 
height of the pressure in terminal digital vessels was measured. All micropools—a 
term considered more accurate than microaneurysms—were observed. Identical 
studies were carried out on 65 healthy persons, 140 with hypertension, and 110 
with clinical complications of arteriosclerosis. 

Observations in cases of diabetes mellitus were as follows: Venous congestion 
was commoner both in conjunctiva and in nailbed than in other conditions. 
Severe capillary narrowing was commoner in diabetes than in other conditions 
except hypertension, and was especially frequent in cases with severe compli- 
cations. The arteriosclerotic pattern was commoner than in other diseases 
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studied except hypertension, and occurred at all ages. It was characterized by 
long, thin, straight arterioles accompanied by sinuous, dilated venules. Blood 
pressure in the terminal vessels of the fingers of diabetics was high in 10 of the 
50 patients with normal and in 13 of the 25 with high blood pressure. Hyper- 
tension associated with diabetes and high terminal digital-vessel pressure was 
usually observed in patients with severe complications. Micropools were rather 
frequent, but incidence was not greater than in hypertensives. 

A blood-vessel picture was revealed, therefore, which was characteristic of 
diabetes, but not diagnostic. No differences were found among patients of differ- 
ent ages, except that the arteriosclerotic pattern was commoner between the 
ages of 40 and 50 than in other patients of the same age. The only characteristic 
associated with the severity of the diabetes was extreme capillary narrowing 
of the conjunctival vessels. While the frequency of capillary changes did not 
vary with the duration of the diabetes, the most severe capillary changes usually 
occurred in cases with diabetes of long duration. 

Our observations confirm the work of Ditzel indicating that venous congestion 
is the most evident finding of the blood vessels in diabetes. It also confirms 
Ballentine’s report of venous congestion in the retina in diabetes. Our findings 
in the nailbed emphasize the importance of venous congestion in diabetics. The 
presence of arteriosclerotic patterns gives further evidence that arteriosclerosis 
is a factor in diabetes, arteriosclerosis being often the first sign of diabetes in 
young persons. The incidence of capillary narrowing was much the same in 
diabetics of all types. Venous stasis could cause increased blood pressure in 
terminal arterioles. While micropools are rare in healthy persons, they occur 
occasionally in various disease states, but not in the large number that are seen 
in diabetes. Possibly the elongation of capillaries observed by Ditzel is character- 
istic of younger diabetics since we did not see them. We find that the constriction 
of vessels reported by Ditzel is a feature of hypertension rather than of diabetes. 


Comment: This paper confirms the findings of Ditzel and others of capillary abnor- 
malities in the conjunctiva of diabetics. Unfortunately the venous congestion, the capil- 
lary narrowing and occasional microaneurysms seen in the conjunctiva of diabetics are 
also seen in other conditions. In the present study venous congestion is found to occur 
more often in diabetics, and the authors feel that this is confirmatory evidence for the 
hypothesis that venous congestion is the basis for diabetic retinopathy. This is an in- 
teresting concept that remains unproved. 

The findings of capillary abnormalities in the conjunctiva, the nailbed, the kidney, 
about peripheral nerves, in the capillaries of larger blood vessels of extremities as well as 
the myocardium, all provide increasing evidence for a disseminated capillary disease 
associated with diabetes. 

BERNARD BECKER 
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HEREDITARY BENIGN INTRAEPITHELIAL DYSKERATOSIS 


II. OpaAL MANIFESTATIONS AND HEREDITARY TRANSMISSION 


Cart J. Wirxop, Jr., CLemm H. SHANKLE, Jonn B. GRAHAM, 
Marcaret R. Murray, Donatp L. RucKNAGEL, 
AND Baxter H. BYERLY 


National Institute of Dental Research, Bethesda, Maryland 
A.M.A. Arch. Path., 1960, 70: 696-711 


A syndrome of bulbar conjunctivitis invariably associated with soft white le- 
sions of the oral mucosa was discovered in the descendants of a woman born in 
1834, who are members of a triracial (Caucasian, Indian, and Negro) isolate 
residing in Halifax County, North Carolina. The disease is also present in prob- 
able collateral Caucasian descendants in the general population. A total of 540 
persons was examined, including 345 of the 582 living descendants of this woman, 
and 195 other people in the community. Seventy-five of the descendants were 
found to be affected, but no affected person was found among the 195 unrelated 
persons examined. An attempt was made to trace more distantly related persons 
through the census records, and affected persons were found in an adjacent 
county. 

The oral lesions are asymptomatic, affecting the buccal and labial mucosa, the 
floor of the mouth and the side of the tongue, and are closely akin to white sponge 
nevus of Cannon. 

The degree of eye involvement ranged from small lesions resembling pinguec- 
ulae to large raised foamy, gelatinous plaques, more superficial than pterygia, 
overlying intensely injected conjunctivae. The plaques lying within the palpebral 
fissure were roughly triangular in shape with the base at the lumbis and extending 
both nasally and temporally. Small islands of foamy material were found beyond 
the limits of the main lesion. Cellular debris and bits of material exfoliated from 
the surface of the plaque leaving punched-out superficial craters. A thin opales- 
cent white covering was seen in some patients. Many persons gave a history of 
“white skin” growing across the cornea causing temporary blindness, usually in 
the spring. Blindness was relieved when the overlying membrane sloughed away, 
usually in late summer. About one-fourth of the affected persons gave a history 
of a “flare’’ of the eye lesion starting in the early spring. Most of the children had 
corneal vascularization; some showed marked photophobia. In two severely af- 
fected patients, corneal opacities had developed after repeated bouts of exacerba- 
tion and remission. Other eye diseases were found, but none could be shown to 
have a relation to the disease under investigation. No cases of carcinoma of the 
conjunctiva were reported or observed. 

With respect to the oral condition, children tended to be lightly involved, the 
severity increasing with age up to about 15 years. Oral lesions had been noted 
shortly after birth in some subjects, but in others had gone unrecognized until the 
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present examination. In marked contrast, the eye lesion was noted in nearly all 
affected persons by the age of 1 year. 

The histological findings in the oral and conjunctival lesions were similar, con- 
sisting of hyperplasia of the epithelium, acanthosis, vacuolation of prickle cells, 
and intraepithelial dyskeratosis characterized by waxy eosinophilic cells and a 
“cell within a cell” pattern. The latter two findings are especially pronounced in 
buccal and conjunctival smears stained with the Papanicolaou technique and are 
diagnostic of the disease. The dyskeratotic process was limited to the epithelial 
layer with no evidence of invasion of the subadjacent tissue. 

Vaginal, rectal, penile, nasal and ear examinations failed to reveal similar dys- 
keratotic lesions on other mucosal surfaces. Exfoliative vaginal slides from af- 
fected females did not show the cellular pattern characteristic of oral and eye 
smears. 

The affected persons show no reduction in reproductive rate. There was no in- 
crease in death rate nor deaths from neoplastic disease among them. 

Consanguineous marriages were very frequent and a recessive mode of inheri- 
tance might be suspected. However, several of the marriage partners are from 
outside the isolate and completely unrelated to the affected spouse. The distribu- 
tion of affected persons in the pedigree is, therefore, compatible with the hypothe- 
sis that this disease is transmitted as an autosomal dominant trait with a high 
degree of penetrance. 

Because of the relatively few adequately reported cases of Cannon’s disease, it 
is difficult to say with certainty whether the disease described here is a separate 
entity or a variant of white sponge nevus. The several discrepancies suggest that 
we are describing a new hereditary disease. 


Comment: Von Sallmann and Paton (A.M.A. Arch. Ophth., 63: 421, 1960) reported 
on the ocular manifestations of hereditary benign intraepithelial dyskeratosis. This 
present report by Witkop et al. gives the oral manifestations and hereditary factors of 
this fascinating new disease. This completes the picture of a new syndrome in which the 
oral and ocular lesions are invariably associated. It is inconceivable that only the de- 
scendents of a woman born in 1834 can be the sole bearers of this syndrome. It will be 
interesting to watch for its recognition elsewhere. 


ALGERNON B. REESE 
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NEURO-OPHTHALMOLOGY 
DIABETIC NEUROPATHY 


Harry H. Briwy 
Columbus, Ohio 
J. M. A. Georgia, 1960, 49: 440-444 


Diabetic neuropathy may present a puzzling diagnostic picture, but should 
be promptly diagnosed since it usually improves rapidly with control of the 
diabetes but may otherwise cause permanent disability. It probably occurs in 
at least 5 per cent of diabetics, and often is noted before the diabetes itself 
becomes evident. 

The author summarizes 4 case histories. The first patient had diabetic neurop- 
athy for 5 years before it was diagnosed, and symptoms regressed rapidly 
when the diabetes was controlled. The second history illustrates the frequent 
lack of correlation between the severity of diabetes and the severity of the 
neuropathy, and also the frequent presence of autonomic nerve involvement. 
In the third case neuropathy, especially of the bladder and genital area, was 
associated with mild diabetes. The fourth case was reviewed to show the frequent 
problems of diagnosis. The diabetes was so mild that none of the classic symp- 
toms were present. Autonomic nerve symptoms and high spinal fluid protein 
were typical, but the renal threshold was so high that blood sugar reports would 
have been negative if they had not been repeatedly carried out. Neurological 
problems may be the presenting symptoms in poorly controlled diabetes, in 
patients recovering from diabetic coma, in those receiving treatment for the 
first time, in patients with ischemia of the extremities, and in mild diabetes, or 
in early cases with easily controlled metabolism. 

Neuropathy should always be looked for if diabetes is poorly controlled, but, 
contrary to earlier opinion, is not related to the insulin therapy. Sensory dis- 
turbances are often the first clue to diabetes. Pain, tenderness, and paresthesia, 
usually in the lower extremities, are the commonest symptom and are worse at 
night and improved by activity. Tests of vibratory sense may be helpful. Dia- 
betic neuropathy must also be carefully distinguished from similar syndromes 
caused by other disease entities such as atherosclerosis, and it should be re- 
membered that persons over the age of 50 are often deficient in vibratory sense. 
Motor disturbances are rare in diabetic neuropathy, and when present are 
usually found in the lower extremity. The Achilles and patella reflexes, especially 
the former, are especially likely to be absent. 

The autonomic disturbance may be important, but confusing because it may 
take any of many forms. A glucose tolerance test might be desirable in any 
case of puzzling neurological symptoms. Autonomic disturbance in the lower 
extremity may be associated with edema, erythema, and atrophy of skin and 
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subcutaneous tissue, with perforating ulcers of the feet; atheromatous obstruc- 
tion need not, however, be present. Autonomic cardiovascular disturbance 
may appear as orthostatic hypotension or tachycardia. Gastrointestinal dis- 
turbance is less frequent and is shown as gastric retention with nausea, loss of 
appetite, cramps, abdominal distention, occasional vomiting after meals, or 
nocturnal diarrhea alternating with constipation. Difficulties with urination or 
impotence are also reported. Tropic skin lesions and ulcers of the feet may develop 
suddenly and respond quickly to treatment. Autonomic disturbance should be 
considered as possibly of diabetic origin if sensory symptoms predominate, if 
reflexes in the lower extremities are exceptionally lacking, if disturbances of 
autonomic function are unusually high, and if specific treatment is current. 
High spinal-fluid protein is also suggestive. 

In differential diagnosis, of greatest importance is the predominance of sub- 
jective over objective symptoms. In other types of lower extremity neuropathy, 
motor disturbance is usually present. Failure to find other causes for neuropathy 
should arouse suspicion of diabetes. On the other hand, such neuropathy as has 
been described may be present in diabetes but be due to causes other than the 
diabetes. 

Treatment of diabetic neuropathy consists of control of the diabetes, but 
treatment may need to be unusually intensive at first if the basic disease has 
been neglected for some time, and multivitamins may be useful temporarily. 
Special measures may be necessary for managing special symptoms, such as 
pain and hyperesthesia in the lower extremities or urinary retention. 


Comment: There is increasing evidence that diabetic neuropathy, like the retinopathy, 
may occur in spite of excellent diabetic control. As Ellenberg (Diabetic neuropathy: 
consideration of factors in onset, Ann. Int. Med., 52: 1067, 1960) has pointed out, diabetic 
neuropathy may be the initial manifestation of previously undiscovered diabetes. Fur- 
thermore, the neuropathy does not correlate with the severity of the diabetes. 

All data at present are strongly suggestive that the neuropathy, the nephropathy, 
and the retinopathy are all manifestations of a microangiopathy associated with the 
diabetic state. 

BERNARD BECKER 


TEMPORAL DYNAMOMETRY 


Gorpon J. GILBERT 
Neurological Unit, Boston City Hospital, Boston, Massachusetts 
Neurology, 1960, 10: 1020-1023 


With the development of surgical techniques for resection of stenotic or 
thrombosed atherosclerotic segments of major arteries, it has become of critical 
importance to delineate precisely the site of vascular disease. 
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Ophthalmodynamometry is performed by observation of the retinal arteries 
while a known force is progressively applied to the eyeball. One can thus deter- 
mine the ocular pressure needed to negate the retinal blood pressure and can 
estimate the blood pressure within the central retinal artery. Should a remarkable 
unilateral reduction in central retinal artery pressure be discovered, evidence 
is thereby obtained for an obstructive lesion somewhere between the aorta 
and the eyeball, that is, in the central retinal, ophthalmic, internal carotid, or 
common carotid artery. 

A standard Bailliart ophthalmodynamometer was used for temporal dynamom- 
etry performed on 24 normal individuals. The pressures in this series ranged 
from 60 to 120 gm. of water, but the difference between left and right temporal 
artery readings exceeded 5 gm. in only 2 subjects (10 gm.). A difference between 
sides of 15 gm., well beyond 3 8S. D. from the mean, was selected as representing 
the upper limit of normal. In 2 cases of abnormal temporal dynamometry it was 
possible to identify the vascular pathology. In these cases, temporal dynamom- 
etry revealed 80 gm. of pressure on the left and 105 gm. on the right, and 20 
gm. on the right and 80 gm. on the left respectively. In the first case, where the 
findings suggested common carotid occlusive disease on the left, left percutaneous 
common carotid arteriography revealed complete obstruction of the left internal 
carotid artery at the bifurcation, with partial occlusion of the extrenal carotid 
artery at that side. In the second case, the patient’s deterioration precluded as 
indicated angiographic study of the aortic arch. 

How often might temporal dynamometry be useful? In internal carotid throm- 
bosis, 80 per cent of the occlusive lesions are at or just distal to the common 
carotid bifurcation, while the remaining 20 per cent are intracranial and involve 
particularly the siphon. Temporal dynamometry may then be employed to help 
distinguish between operable carotid bifurcation occlusion and inoperable siphon 
lesion. It can also help demonstrate low common carotid thrombosis. Finally, 
in cerebrovascular insufficiency situations in which ophthalmodynamometry 
may be hazardous, contraindicated, or impossible, temporal dynamometry offers 
a simple and completely innocuous method implicating a lesion at or below the 
carotid bifurcation. 

The procedure that we call temporal dynamometry is a painless and complica- 
tion-free method for estimating a reduction in external carotid arterial blood 
flow. The association of an ipsilateral reduction in superficial temporal artery and 
central retinal artery pressures, with contralateral hemiparesis, suggests a vascu- 
lar occlusive lesion located at or below the common carotid bifurcation. Angiog- 
raphy can accordingly be chosen to include the proximal arterial tree. 

The theory of temporal dynamometry is simple: If an occlusive lesion is 
located below the common carotid bifurcation, it may effectively lower blood 
pressure in both the internal and external carotid arterial trees, while a lesion 
of the internal carotid artery situated above the common carotid bifurcation 
should not reduce external carotid artery blood pressure. 


Comment: As yet we have not utilized temporal dynamometry but shall do so. As illus- 
trated by 2 cases, its particular value seems to be in selection of cases in which operation 
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may be performed. It seems reasonable that in some patients, but not in all, suspected 
of having carotid obstruction temporal dynamometry would eliminate the necessity for 
ophthalmodynamometry. 

Frank B. WatsH 


OPHTHALMOLOGIC ASPECTS OF DIAGNOSIS AND LOCALIZATION 
OF SUBDURAL HEMATOMA 


An ANALysis oF 389 Cases AND REVIEW OF THE LITERATURE 


Byron C. Pevenousr, Witi1aM H. Bioom, anp Wyiie McKissock 
National Hospital, Queen Square, and St. George’s Hospital, London, England 
Neurology, 1960, 10: 1037-1041 


A review of the general features of clinical presentation, surgical management, 
and prognosis in 389 cases of proved subdural hematoma was recently presented 
(Lancet, 1960, 1: 1365). The medical records of this same group of patients are 
analyzed in the present report for objective signs referable to the visual system. 
Cases associated with or complicated by other forms of intracranial hemorrhage 
were omitted. The same system of classification as used in the primary review is 
presented here, based on the rate of evolution of symptoms after trauma. Thus, 
“acute” cases presented urgent symptoms within 3 days after trauma, “sub- 
acute” presented within 4 to 20 days, and “chronic” presented after 20 days. 
Cases with no history of trauma were classified on the basis of total duration of 
symptoms. 

Pupillary inequality was the most common ophthalmologic sign in this series. 
Its frequency varied inversely to chronicity: thus, it was noted in 57 per cent of 
acute cases, 28 per cent of the subacute, and 11 per cent of the chronic. Of a 








TABLE 1 
Incidence of Ophthalmologic Signs in Subdural Hematoma 
Acute Subacute Chronic Total 
Pupillary inequality................. 47 (57% 25 (28%) | 44 (11%) | 116 (80%) 
oir k uc mn ener bath 1 (1%) 14 (15%) | 48 (22%) | 63 (17%) 
Re NOD TI goo oo doc cicescsvces 3 (4%) 7 (8%) 8 (4%) 18 (5%) 
EERE LE PCE LOT TTe 0 4 (4%) 10 (5%) 14 (4%) 
Homonymous hemianopsia........... 0 4 (4%) 7 8%) 11 (8%) 
Limited upward gaze................ 1 (1%) 3 (8%) 2 (1% 6 (2%) 
I, viindaparecricanscuenen’ 1 (1%) 0 5 (2%) 6 (2%) 

















NG cnx dnbunateradnnece ba wesiwen | 82 | 91 216 | 389 
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TABLE 2 
Accuracy of Unilateral Ocular Signs in Localizing Side of Hematoma 














Number of Relation of Sign to Hematoma 

Unilateral 

Hematomas 

with Signs Ipsilateral Contralateral 
Panptilary GUatatie®. ..... 06.0.6 csecetvcees 101 92 (91%) 9 
Abducens nerve palsy................... 11 11 (100%) 0 
Nystagmus on lateral gaze. .............. 4 3 (75%) 1 
Homonymous hemianopsia............... 11 1 10 (91%) 











total of 116 patients with anisocoria, 101 were found to have unilateral hema- 
toma; in 91 per cent of these, the larger pupil occurred on the same side as the 
lesion. 

In 10 of the 11 relatively alert patients with demonstrable homonymous 
hemianopsia, the field defect was contralateral to the side of the subdural hema- 
toma. In 9 patients, hemiparesis was present on the same side as hemianopsia, 
and 4 of these had disturbances of sensation on the same side. In these patients, 
the motor, sensory, and visual field defects tended to coincide in both appear- 
ance and subsequent recovery. There were two deaths subsequent to evacuation 
of the hematoma. 

The general features such as headache, a rapidly fluctuating state of conscious- 
ness, and other physical signs suggesting the diagnosis of subdural hematoma 
are not within the scope of the present discussion. However, the mechanisms 
by which the supratentorial space-occupying lesion may produce various and 
misleading neurological signs are worthy of consideration. In addition to distor- 
tion of the cerebral hemisphere and disturbance of its normal function by either 
mechanical compression or interference with its blood supply, an expanding 
subdural hematoma may cause herniation of the mesial portion of the temporal 
lobe through the tentorial opening; this compresses the adjacent structures and 
produces signs which are not limited to subdural hematoma but which may 
result from any supratentorial lesion that is sufficiently lateralized and large 
enough to produce the herniation. Pupillary dilation and ptosis appear to be 
the earliest signs of such displacement. The dynamic nature of the process of 
tentorial herniation causes clinical signs which may fluctuate rapidly. Careful 
and repeated examinations are necessary to observe these changes and evaluate 
their significance. 

The visual field defects of the series cannot be explained on a single patho- 
physiological basis. Possible mechanisms are (1) compression of the posterior 
cerebral artery, (2) compression of the anterior choroidal artery affecting the 
optic tract, lateral geniculate body, or anterior optic radiations, and (3) com- 
pression of the optic tract, optic radiations, or visual cortex. Of the 11 cases of 
homonymous hemianopsia, 10 were contralateral to the side of the subdural and 
were generally associated with similarly contralateral pyramidal tract signs, 
sensory disturbance, and dysphasia when involving the dominate side. How- 
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ever, in the complete series of 389 patients with hematomas, 159 had pyramidal 
tract signs and 39 had dysphasia; therefore, other factors must be involved to 
permit recognition of only 11 cases of hemianopsia. 


Comment: The findings referable to the visual system as observed in 389 patients with 
proved subdural hematomas have been summarized, much pertinent literature has been 
briefly summarized, and what is now generally agreed upon as producing the ocular signs 
has been briefly and clearly stated. Any careful study such as this on a large number of 
cases is important for all who are interested in the diagnosis and treatment of subdural 
hematomas. 

It is particularly noteworthy that unilateral ocular signs when present (pupillary 
widening, other evidences of third nerve palsy and sixth nerve palsy) were ipsilateral to 
the lesion and the hemianopsia was contralateral in over 90 per cent of the patients. 
Pupillary inequality present in 116 patients resulted in the larger pupil being on the same 
side as the lesion in 92 instances, contralateral in 9. In 15 bilateral cases the larger pupil 
usually was on the side of the larger hematoma. Other signs of third nerve palsy were 
present in 18 cases; ptosis was the second most frequent sign. Complete third nerve 
paralysis was observed in only 3 cases. (I have seen complete third nerve paralysis only 
in acute cases.) Paresis of the sixth nerve was present in 11 unilateral cases and was 
ipsilateral to the hematoma in all instances. In 3 instances bilateral sixth nerve palsy was 
present and in two of these the subdural hematoma was bilateral. In 10 of 11 patients 
with demonstrable hemianopsia the field defects were contralateral to the side of the 
hematoma. Papilledema was a late development when it was present. 

What the essayists have described conforms to what has been described by several 
observers who, however, have had a smaller experience as basic to their evaluation of the 
importance of the homolaterality of the ocular and visual pathways involvement. Brow- 
der, whose experience is very great, found that the ocular signs were unreliable as regards 
localization of the hematoma. I continue to believe that an analysis of our cases in the 
Johns Hopkins Hospital would closely resemble what Pevehouse, Bloom, and McKissock 
observed regarding the ocular signs; pyramidal tract signs would probably be misleading 
regarding lateralization of the hematoma. In this regard, however, it is worthy of note 
that ophthalmologists usually only see patients who suffer from chronic subdural hema- 
toma because the acute cases represent surgical emergencies. 

The ocular signs of subdural hematomas as observed in infants are quite different from 
those observed in adults and presumably the analysis made in this paper concerned 
exclusively or principally the ocular signs as observed in adults. We have found that in 
infants the homolaterality of the eye signs to the hematoma is unreliable. Probably this 
is explained by the frequency of bilateral subdural hematomas in children. Retinal 
hemorrhages when they occur in adults, and they do so rarely, are of the nerve fiber layer 
type. In children they occur more often and rather frequently are subhyaloid. Occasionally 
such hemorrhages rupture into the vitreous. Also I have seen optic atrophy as a residual 
more frequently in children than in adults. 

This paper is of such excellence that further information regarding this large series of 
cases would be instructive. Undoubtedly there were many instances of hematomas in 
unusual positions. It would be of interest and importance to know if ocular signs were 
present in such cases. Also in many instances paucity of ocular and other signs must have 
been an outstanding feature, and it is in such instances that we ophthalmologists in 
particular are likely to overlook the possibility of subdural hematoma. 

Frank B. WaLsH 
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SYSTEMIC DISEASE 
THE ENDOCRINE EYE LESION IN HYPERTHYROIDISM 


Irs INCIDENCE AND Course IN 165 Patients TREATED FOR THYROTOXICOSIS 
WITH IopINE!?*! 


Henry E. Hamitron, Ricuarp O. ScHuirz, AND ELMER L. DE GowIN 


Thyroid Clinic of the College of Medicine, State University of Iowa and University 
Hospital, Iowa City, Iowa 


A. M. A. Arch. Int. Med., 1960, 105: 675-685 


Exophthalmos is the ocular abnormality most often described in Graves’ 
disease. Inspection of the eyes in patients with thyroid disease, however, enable 
us to see a variety of lesions causing many symptoms. Exophthalmos may not 
exist at all in an eye with grossly disturbed function. The purpose of this study 
is to define precisely the eye lesions of thyrotoxicosis, under the term endocrine 
eye lesion, and record the incidence and clinical course of eye abnormalities in 
patients treated with I!*!. 

Patients were selected because they sought treatment for signs and symptoms 
of untreated thyrotoxicosis. Ocular complications were not considered in their 
selection. I'*! was the only form of antithyroid therapy used. Patients were 
followed at approximately 3-month intervals and re-treated if still hyperthyroid. 
They were observed for 1 to 5 years after attaining a euthyroid state. 

Four types of eye lesion were established: (1) changes in ocular protrusion; 
(2) lid retraction; (3) soft-tissue reaction, ordinarily visible and consisting of 
edema, excessive lacrimation, conjunctival injection, and “ground substance 
swelling”; (4) abnormalities in ocular rotations which were of recent onset. The 
symptoms of pain, photophobia, burning, watering, irritation, diplopia, de- 
creased visual acuity, and fullness of the eyes are associated with the eye lesion. 

There were 165 patients (27 men and 138 women) whose ages ranged from 14 
to 80. Goiters were diffuse in 58.2 per cent, nodular in 16.3 per cent and inde- 
terminate in 25.5 per cent. A single therapeutic dose of radioiodine controlled the 
hypermetabolism in 65 per cent of the patients with diffuse goiters. Of the 165 
patients, 120 had some components of the eye lesion. The eye lesion improved 
in 106 during the treatment period while the toxic state was being controlled. 
At the end of the study, 65 had varying degrees of residual signs or symptoms. 
In 15 they were significant and in 7 of these significantly worse. 

Rapid response of thyrotoxicosis to therapy (control within 4 months of a 
single dose of I'*!) was associated with less aggravation of the eye lesion and 
fewer residual disturbances than was slow response. 

When the 33 patients with skeletal myopathy and eye signs were compared to 
the 87 nonmyopathic patients with eye signs, it was noted that the former group 
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still had 15.1 per cent and the latter group only 3.5 per cent with disturbed 
ocular motility at the end of the study. 

Significant eye signs and symptoms were present at the end of the study in 
the 5 patients with pretibial myxedema. 

Onset of myxedema brought no greater likelihood of aggravation of the eye 
lesion than did euthyroid control, except for some increase in periorbital edema. 

Three of every four patients with a “diffuse” goiter had the eye lesion, whereas 
only half the patients with “nodular” goiters did. However, all degrees of in- 
volvement, including severe, were encountered in patients with the nodular 
type. 

In the group with no eye lesion during the study, 13 per cent required treat- 
ment three or more times for control of the thyrotoxicosis. Those with minimal 
severity, moderate severity, and with severely involved eyes required treatment 
three or more times in 16, 22, and 28 per cent, respectively. 

In all patients, the measured ocular protrusion at the beginning of the study 
was compared with the final reading at the end of the study. The maximum 
proptosis was 8 mm. and the greatest regression of any eye was 5.5 mm. In 27 
per cent of patients one or both eyes receded in position whereas 58 per cent 
increased in proptosis. In 15 per cent the eyes remained the same or one eye 
receded and the other increased in position. 

A study of the eye findings in 50 persons who were treated by thyroidectomy 
for control of their thyrotoxicosis disclosed that the course of the eye lesion and 
proptosis was similar to that of these 165 patients. 

The most disabling signs and symptoms were associated with the soft tissue 
reaction and extraocular muscle involvement rather than exophthalmos. 

The most severe eye reactions were treated with combinations of rest, head 
elevation, reserpine (Serpasil), chlorothiazide (Diuril), triiodothyronine, thyroxin, 
suture of lids, and in two instances pituitary radiation for control of signs and 
symptoms. 

No means were discovered to predict before treatment which patients were 
destined to fall into the small group of persons with increased severity of the eye 
lesion. 


Comment: This is an excellent article on the syndrome of endocrine eye lesions and the 
authors have used a long needed approach of studying an unselected group of hyper- 
thyroid patients. It is significant that 73 per cent of the patients with hyperthyroidism 
had one or more eye findings. Because of this high incidence the ophthalmologist should 
consider the diagnosis of hyperthyroidism in any patient with the ocular findings of 
endocrine eye lesions and request a complete examination for thyroid disturbance (plasma 
protein-bound iodine, thyroidal uptake of I‘ at 4 and 24 hours, and basal metabolic 
rate) even in the absence of other clinical evidence of hyperthyroidism. It is also signifi- 
cant that there was a high percentage of improvement in the eye signs (excluding prop- 
tosis) when the euthyroid state was reached with therapy. Unfortunately, the most dis- 
turbing ocular protrusion remained the same or increased in over 90 per cent of the 
patients. I am in complete agreement with the authors conservative management of the 
severe eye reactions. 

Apert N. Lemoine, JR. 
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HISTOLOGY OF SMALL BLOOD VESSEL DISEASE IN DIABETES 
EDITORIAL 


Artuur R. CotweEtu, 8r., M.D. 
Chicago, Illinois 
Diabetes, 1960, 9: 503-505 


Clinicians and pathologists long have known that diabetic patients, usually 
after long duration of the disease, show morphologic changes in the arterioles, 
capillaries and venules which are seldom seen in nondiabetics. Fairly specific 
clinical syndromes are known to accompany these changes. These lesions and 
their consequences commonly occur in addition to (and at times independently 
of) the ordinary atheromatous and arteriosclerotic lesions seen in the larger 
vessels of diabetic and nondiabetic patients alike. 

Intercapillary glomerulosclerosis (Kimmelstiel-Wilson) and diabetic retinop- 
athy caused by small vessel disease are familiar to most physicians. So are the 
coronary, cerebral, renal and peripheral vascular complications presumed to be 
caused by lesions of larger vessels. Recent pathological studies suggest that the 
confusion and uncertainty concerning these two types of vascular disease and 
their consequences may soon be lessened. 

If the lesions in the retinal vessels and glomeruli so characteristic of long- 
standing diabetes are in fact related to diabetes, it is strange that they have not 
been found in other organs. There is no doubt that they can and do occur without 
ordinary arteriosclerosis, but they have seemed to be limited to the eye and 
kidney. Ditzel' has reported that conjunctival vessels also show characteristic 
changes in diabetics as well as in their nondiabetic children. 

Evidence recently accumulated by Blumenthal, Goldenberg and colleagues 
in St. Louis now sheds some light on the vexing questions of distribution and 
specificity. In 1957 this group described? an obliterating endarteritis, similar to 
that which is well known in other organs, in the arteries of the placenta in 
diabetic mothers. More recently these investigators reported interesting new 
findings in the blood vessels of the extremities of diabetic patients.* The obser- 
vations make it appear that “diabetic angiopathy,” as it is often called abroad,‘ 
may be specifically related to diabetes, and that it appears in many organs 
besides the kidneys and eyes. 

One hundred and fifty-two amputated extremities were examined,’ with special 
attention to vessels smaller than the digital arteries. Ninety-two extremities 
came from diabetic patients and sixty from nondiabetics, one half with obliter- 
ative vascular disease. Differential stains were employed including the familiar 
periodic acid Schiff, and the less well-known Rinehart modification of a stain 
introduced by Hale, by which certain acid mucopolysaccharides are seen to have 
an unusual affinity for colloidal iron.® 
The differences between the small vessels in the diabetic and nondiabetic 
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patients were so clear that the investigators, without knowing the source of the 
material, were able to identify the specimens from diabetic subjects with a 
remarkable degree of accuracy (eighty-five out of ninety-two). The specimens 
from nondiabetics were recognized equally well (fifty-seven out of sixty). The 
greatest histological contrasts were found in the endothelium of the small 
arteries. The specimens from diabetics characteristically consisted of marked 
proliferation of swollen endothelial cells, frequently obliterating the lumen, in 
contrast to the flattened endothelium marked fibrosis and hyalinization so 
common in arteriosclerosis. In diabetes the proliferated endothelium was inter- 
laced with PAS-positive hyaline fibrils which failed to take the colloidal iron 
stain. Identical differences in staining were present in the hyaline material in 
the glomerular tufts in “diabetic glomerulosclerosis.” In contrast, arteriosclerotic 
vessels containing hyaline and fibrotic changes characteristically stained posi- 
tively with colloidal iron and not very well with PAS. The internal elastic 
membrane in the small vessels of the diabetics was intact and it stained strongly 
with PAS, whereas in arteriosclerosis it was frayed and reduplicated and did 
not stain well. The media in the sclerotic vessels contained more calcium and 
bone, was more hypertrophied, and usually contained less PAS-positive material 
than in the diabetics. When hypertension existed these differences were less 
striking. 

Similar staining characteristics were found in diabetics, also, in the vasa 
vasorum, vasa nervorum, small dermal vessels and arterioles in the muscle 
septa. A remarkably close correlation existed between the lesions in the vasa 
nervorum of the extremities of diabetics and antecedent clinical signs of neurop- 
athy, suggesting that the angiopathy was responsible for the neurologic disease, 
as has been postulated by others.® 

More recently the histology of the coronary arteries of 116 autopsied diabetic 
patients was compared with that of 105 nondiabetics.’ Less consistent differ- 
ences were found in the small intramural branches than in the arteries of the 
extremities. Even so, proliferative endothelial lesions were from two to two and 
one-half times as frequent in the diabetic as in the nondiabetic subject. 

A surprising product of the studies by this group is the suggestion that arterio- 
sclerosis of major arteries in diabetes may be no higher in incidence or intensity 
than in nondiabetics, if factors of age and coexistent hypertension are properly 
assessed. If this observation is correct (it has been confirmed by others) the 
characteristic form of small vessel disease in diabetes may be a greater culprit 
in complications like patchy gangrene, “arteriosclerotic” heart disease, neurop- 
athy, skin lesions, and other common diabetic complications than previously 
supposed. It is pointed out that in the small vessels obliterative changes may 
make it less easy to develop collateral circulation as occlusion of large vessels 
occurs. 

Although histochemical findings provide a clue in differentiation, pathological 
studies alone cannot reveal the precise cause of the angiopathy. It is presumed 
to be metabolic, or perhaps immunologic, in origin and thus distinct from the 
lipid, fibrous, calcific and muscular changes seen in hypertensive vascular dis- 
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ease and arteriosclerosis. The latter types of disease are thought by many path- 
ologists to be primarily mechanical, not chemical, in origin. 

Interested students of vascular disease in diabetes must now await confir- 
mation or denial of the observations of the St. Louis group. Not much time 
should be required for experienced pathologists to refute or acclaim these ex- 
citing reports. If confirmed, it may not be long before the pathogenesis and 
prevention of many disabling vascular complications will become better under- 
stood. 
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Comment: Histological approach to the study of small vessel disease has apparently 
revealed another clue which, if confirmed, may provide a stepping-stone into a fertile 
field of rapid progress against diabetic retinopathy. 

Irvine H. LEopoip 


DIABETES MELLITUS IN ANIMALS: A REVIEW 


Hans MEIER 
Boston, Massachusetts 


Diabetes, 1960, 9: 485-489 


The author reviews the literature on spontaneous diabetes mellitus in animals, 
the first paper being published in 1858. The literature altogether contains 
around 100 references, most of the reports concerned with one case or a few 
cases in cattle, horses, pigs, sheep, dogs, and cats. Studies of diabetes in dogs 
are the most frequent, and until a recent observation of hereditary diabetes in 
Chinese hamsters, the disease had not been noted in rodents. General infor- 
mation is given in textbooks of veterinary pathology and physiology, and a 
recent analytic review by Wilkinson covers some 60 reports. The author’s own 
study indicates that the incidence of spontaneous diabetes in dogs is roughly 
one case in 200 dogs, and one in 800 in cats; these figures suggest a considerably 
higher incidence than those previously reported. The review summarizes infor- 
mation now available on the disease in specific animals. 
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Horses. Complete histopathological examinations are rarely reported. In one 
horse, vacuolar-hydropic degeneration of the islets of Langerhans was con- 
sidered secondary to viral disease. In another case, furunculosis was associated 
with diabetes, and in another atrophied pancreatic parenchyma with increased 
interstitial tissue and shrunken and disrupted islets was associated with hepato- 
megaly and enlarged kidneys. Clinically, the hair was dull and rough, and 
severe polyuria, glucosuria, and polydipsia were evident. Despite good appetite, 
the horses were emaciated. Cataracts were not unusual, and cough, nasal dis- 
charge, and corneal ulceration were occasionally noted. 

Cattle. Diabetes was usually secondary to amyloidosis of the islet in cattle, 
and was most frequently attributed to tuberculosis. Reports include hydropic 
degeneration of the 6-cells, decrease in size and number of the islets and lympho- 
cyte infiltration of the islets with vacuolation. In one severe case the hoofs 
became gangrenous and suppurated, and the cow gave birth to two calves 
which died soon. Clinical symptoms were similar to those of horses, except that 
some eventually lost their appetites and died from acidosis following ketonemia. 

Sheep. Disease of the islets has not been reported in sheep, but diabetic coma 
has been described, preceded by sudden onset of convulsions, jumping, stagger- 
ing, twitching, frothing, and occasional uncontrollable propulsion. Hyper- 
glycemia and glycosuria were present. Insulin treatment was curative, and the 
condition could be prevented by lengthening the fattening period during which 
the syndrome always occurred, and by reducing the amount of carbohydrate in 
the fattening diet. 

Pigs. In one pig, diabetes was considered secondary to pancreatitis which 
developed after acute enteritis. Observations included ‘degenerated and ne- 
crotic” islets, fatty degeneration of the liver, glycosuria, eczema and pruritis. 
Skin section showed hyperkeratosis and reduction in the size of sebaceous glands. 

Dogs. The peak of incidence of diabetes in dogs follows the eighth year. Most 
of those affected are females or neutered males. The commonest microscopic 
abnormalities are hydropic degeneration of the islets, with hyaline and amyloid 
changes. Striking increase in the number of argentophilic a-cells of the islets is 
also characteristic, and is associated with diminution or near-absence of the 
islets. The diabetic dog usually has contracted the condition following acute 
pancreatitis, which is attributed to metabolic disturbance due to lack of lipo- 
tropic substances. Bouts of pancreatitis with diabetes sometimes occur; if the 
attack lasts several days, hyperglycemia may follow consequent destruction of 
the islet tissue. In chronic cases, the first signs are often polydipsia and polyuria, 
ravenous appetite or anorexia. After the dog has recovered from the attacks 
steatorrhea and symptoms of diabetes may be found. Massive fatty liver is 
regularly present, and often also nephrosis. Depending on the duration of the 
diabetes, atherosclerosis may also develop, and occasionally fatty infiltration 
into parathyroid glands, skeletal muscles, and spleen. Acidosis and uremia are 
the usual causes of death. 

Cats. In cats most of the cases are in males and most have hyalinization and 
amyloidosis of the islet cells. Islet cell disease is also sometimes due to pancreatic 
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fibrosis, and hydropic degeneration of the B-cells is usually secondary to chronic 
inflammation elsewhere in the body. 

Chinese hamster. The recent discovery of apparently hereditary diabetes in 
some strains of hamsters may prove of considerable importance to research. 
Preliminary studies are in progress in the author’s laboratory. 

In animals, diabetes may be primary or it may be secondary to islet changes; 
but in man pancreatitis is less important than heredity, obesity, and metabolic 
change. It is difficult to distinguish primary and secondary diabetes in animals, 
but studies to date indicate that investigation of the disease in animals may be 
useful to the study of diabetes in man. 


Comment: Ophthalmologists interested in the problem of diabetic retinopathy have 
recently become aware of the potential importance of studying the spontaneous disease 
in animal species. Although in this article the author does not discuss spontaneous dia- 
betes in the monkey, it is known to occur here and is presently under study in several 
laboratories. 

Invinc H. LEoPpoLp 





SURGERY 
THE SURGICAL MANAGEMENT OF RETINAL DETACHMENT 


Henry L. Birrce 
Hartford, Connecticut 


Internat. Abstr. Surg., 1960, 111: 205-211 


The surgical cure of a retinal detachment depends, in part, upon an under- 
standing of the etiological factors, which are rarely identical in a group of con- 
secutive cases. 

Myopia of 6.00 to 10.00 diopters and more has long been associated frequently 
with retinal detachment. Trauma is considered of primary etiological importance. 
The factor of trauma is given special consideration in medicolegal decisions. 
The trauma may vary from a severe direct blow on the eye to a minor snap of 
the neck as in a “whiplash” injury, or even be a minor bump on the head. 
Retinal detachment occurring as a complication of cataract extraction is usually 
considered to be the result of inflammatory bands or vitreous loss. It has been 
suggested recently that the enzymes may have a lytic effect upon the retina, 
but no reports have yet been noted in the literature. 

In view of the variability and multiplicity of the etiological factors, it is 
fortunately improbable for each eye to be diseased in the same manner, and 
thus for the fellow eye to be automatically predisposed to detachment. 
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Before making a choice of any of several procedures, all surgeons should bear 
in mind the admonition of Shipman, whose extensive experience entitles him to 
urge more retinopexies by the average surgeon and fewer scleral resections by 
the retinal specialist. 

Retinopexy. Diathermic coagulation of the retinal hole in or through the 
sclera, retinopexy, is today still the procedure of choice for the treatment of the 
majority of retinal detachments. Individual surgical variations, including per- 
foration or nonperforation, and variations in the extent of diathermy are de- 
termined by experience. 

Two or three days of preoperative bed rest with eyes bandaged will usually 
allow the retina to settle closer to the choroid and will often reveal additional 
pathological changes in the retina. In many cases in which a “balloon” of retina 
has obscured the optic nerve, the head of the nerve will come back into view 
after a period of rest and what would have been an incurable detachment can 
be managed successfully. 

The subretinal fluid frequently collects under the insertions of various extra- 
ocular muscles adjacent to the detachment area. If fluid is left and diathermy of 
the choroid is not carried out, a new detachment is likely. 

Irvine recommends direct observation for estimating the effects of the current 
and there is general agreement as to the importance of this. It is also helpful to 
have two diathermy machines available in case of mechanical failure. A second 
operation may be avoided by this precaution. 

Most complications occur because of too little or too much surgery. The most 
devastating of them all is uveitis. Inflammations existing prior to operation 
frequently lead to shrinkage of the globe. Complications in the form of severe 
hemorrhage, cataract, or tropias may nullify the reattachment of the retina. 
The electroretinogram is mentioned as an aid in prognosis and it may help to 
determine which retinas are viable and thus suitable for sugical intervention in 
questionable cases. Ultrasonic techniques may occasionally be of diagnostic 
value, especially for scleral ruptures. 

Brockhurst, Wolf and Schepens believe that light coagulation after diathermy, 
when it is needed, is of value in detachment surgery. The disadvantage of light 
coagulation alone is that it does not allow for the removal of subretinal fluid. 

Vitreous. The use of human vitreous in retinal detachment surgery is advocated 
by Shafer and Bussey but the procedure is not widely accepted. They report 
success in 53 per cent of 105 operations, which otherwise would have been 
failures, even after prior scleral surgery. Wadsworth noted that vitreous im- 
plants caused a disappearence of many dense vitreal bands. He suggested that 
diathermy will prove to be the procedure of choice universally when it has been 
established definitely that vitreous implants disintegrate vitreous bands, and the 
use of vitreous is added to retinopexy. 

Sclera. The modifications include scleral lip enfolding, imbrication, buckling, 
overlapping, rolling, or resection, either penetrating or laminated; polyethylene 
tubing and other plastic materials from plugs to sponge have been tried. 

In cases of degenerated, thinned-out sclera, the chance of plastic tubing 
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penetrating the uvea and setting up a foreign body reaction is considerable. 
This is even more of a problem when the procedure is performed as a prophy- 
lactic operation on the fellow eye. 

Prophylaxis. There is no agreement upon the indication for prophylactic 
surgery, nor upon the choice of procedure. Observation of the fellow eye with 
reassurance of the patient appears to be the management of choice. These 
patients often have photopsia and spots before their eyes, which may cause 
them to panic. In a majority of the cases no second detachment occurs. 

Results. In a series of 376 cases reported by Asbury and Vaughan the cure rate 
in 123 clinic cases was 64 per cent, and the cure rate in 253 private cases was 
81 per cent. In their judgment this variability was due to the painstaking at- 
tention to detail in the care of private patients. Clark in 1958 reported success 
in 95 per cent of 125 cases, in 52 per cent of which treatment was by diathermy 
alone. 

A summary of the incidence of cure of retinal detachment in 3,020 unselected 
cases is given in the following table 1. 

If a criterion for cure of retinal detachment could be established, the cause 
for failure could be better estimated and the future perhaps planned for more 
definitely. I would like to define a cure as the re-establishment of binocular 
vision of 20/20 to 20/40 with a usable visual field. This criterion is established 
for cataract surgery and should be used also for retinal detachment. Such cures 
should be reported for periods of 6 months and 2 years, and the report should 
include the visual acuity, the refractive error including aniseikonia, the muscle 
balance, the percentage of fusion, and the visual field. 

The failures would include those with vision of less than 20/50, those with 
incurable diplopia, those with visual fields of 10 degrees, as well as those re- 
quiring enucleations. 

The follow-up of retinal detachment surgery for many reasons cannot be 
satisfactorily accomplished from the hospital. Data obtained in the ophthal- 
mologist’s office after convalescence are required. This may be considered too 
strict a definition of a cure, but it faces the problem head on, and should help 
to answer several important questions even if only part of the data is available. 














TABLE 1 
Author, Year No. of Cases Reattached Retinas 
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Reports of the postoperative complications, both early and delayed should 
be included. Among the delayed important complications are: (a) deaths at- 
tributable to surgery after the patients have been discharged from the hospital, 
(b) eyes lost after the patient’s discharge from the hospital, and (c) subsequent 
operations because of such conditions as cataract, glaucoma, uveitis, sympa- 
thetic disease, and phthisis bulbi. 

Many surgeons are approaching a cure rate of 90 per cent in their detachment 
surgery, based on the aforementioned requirements. 


Comment: This reviewer is forced to disagree with the author on many points in this 
presentation. The statement that a detachment can be the result of a “minor bump on 
the head” should not, in my opinion appear in published medical literature. This is mis- 
leading, and can only lead to further confusion as far as insurance claims, etc., are con- 
cerned. 

I cannot agree that, “in aphakic patients a detachment is usually due to inflammatory 
bands or vitreous loss.” As a matter of fact, if one examines the ora in an aphakic patient 
with the Goldman lens or indirect ophthalmoscope, one may wonder why a higher per- 
centage do not develop a retinal detachment. 

The reviewer also objects to the statement, “in view of the variability and multiplicity 
of the etiological factors, it is fortunately improbable for each eye to be diseased in the 
same manner, and thus for the fellow eye to be automatically predisposed to detach- 
ments.” 

Anyone who has done any amount of detachment surgery can only be impressed with 
the symmetry of the breaks and location of the detachment when they occur bilaterally, 
even though several years may elapse between the involvement of the two eyes. The 
incidence of bilateral detachments in any large series is at least 25 per cent. If breaks 
alone or subclinical detachments are also considered, the incidence would be 30 to 35 
per cent bilaterality. 

As far as treatment is concerned, that is a matter for the individual surgeon to decide. 
One may use retinopexy alone in the majority of his patients, but if he does, he is either 
refusing the complicated cases or not obtaining the results he should. There is no question 
that many patients may be being subjected to more radical procedures than are neces- 
sary, and the pendulum may have swung too far to scleroplastic procedures. It is ques- 
tionable, however, if retinopexy alone would cure more than 60 per cent in 100 consecutive 
unselected patients with retinal detachment. 

The suggested criteria of 20/20 to 20/40 vision with the restablishment of binocular 
vision as a cure of retinal detachment is rather far fetched. This would be ideal, but many 
patients when first seen can obviously not obtain 20/40 vision because of a detachment 
involving the macula or other disease processes. It is hard to explain to a patient with 
20/200 vision that he is cured, but he will be just as happy if it is his only eye as the 
one-eyed aphakic patient with the same vision. 

In treating patients with a retinal detachment they have a choice between blindness 
or surgery. Though operative and postoperative complications (i.e., star folds, macular 
cysts, etc.) may have reduced the visual acuity, anatomic permanent reattachment of 
the retina is the final criteria of a cure. Operating on a patient for a retinal detachment 
cannot be compared to operating on a patient with a senile cataract. In the first case your 
back is against the wall, you operate that he may see, you hope he sees well, but even 
10/200 is better than a white cane. The reviewer would like to learn the secret of the 
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many surgeons approaching a cure rate of 90 per cent based on 20/20 to 20/40 acuity, 
binocular vision and a usable visual field. 
P. Ross McDonatp 


THE EFFECT OF ALPHA-CHYMOTRYPSIN ON ZONULAR FIBERS 
AND ANTERIOR HYALOID MEMBRANE 


EXPERIMENTS ON EYES IN THE Human, Rassit, AND Doa 


Water J. Grereraets, Guy Cuan, AND DuPont Gurrry, III 
Richmond, Virginia 


South. M. J., 1960, 53: 82-85 


A review of reports on a-chymotrypsin show that some investigators find 
that it affects several ocular structures beside the zonular fibers, whereas others 
find effects only on these fibers. Reports on the effects of the compound on the 
zonular fibers also vary. A series of experiments has therefore been devised to 
clarify some of these divergent observations. This paper reports the first of the 
series. 

The eyes of 8 rabbits prepared 2 to 3 months earlier by total iridectomy, were 
studied in vivo. Under slit-lamp observation, 4 cc. of a-chymotrypsin in 1: 10,000 
concentration was injected into the anterior chamber by means of a Fuchs syringe, 
the second chamber of which was used to maintain constant pressure within the 
eye. From the third to the fourth minutes, first single, then groups of zonular fibers 
became gradually thinner; within another 5 minutes they became ghost-like 
and then disappeared. In some instances the entire process was slightly longer, 
but essentially the same. 

A preparation from the dog’s eye was then made, consisting of the iris, upper 
half of the choroidal layer, lens, zonular fibers, and upper half of the vitreous. 
After suspension in saline, a total iridectomy was performed on the prepara- 
tion in order to expose to view the ciliary processes, including the zonular fibers. 
Under observation by Leitz microscope, a similar compound in similar con- 
centration, using a-Chymar, was applied to selected zones. Phenomena similar 
to those observed in living rabbits were noted, but occurred somewhat more 
slowly. 

Two human eyes enucleated within 2 hours after death were prepared by 
removing the cornea and dissecting the iris from the base of the ciliary body. 
Application of 3 ml. of chymotrypsin in 1:10,000 solution to the preparation 
made it possible to remove the lens within 8 minutes by erisophake without 
pressure. 
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The vitreous with the intact hyaloid membrane was then made to protrude 
by circumequatorial pressure, and a-chymotrypsin was applied by two different 
methods to the hyaloid membrane. No changes were observed either in the 
hyaloid membrane or in the protrusion of the vitreous. 


Comment: These interesting experiments show photographically phenomena that are 
evident at times while operating on a patient in which a-chymotrypsin has been used. 
The reviewer usually performs an iridectomy before extracting the lens. If the a-chymo- 
trypsin is used and the zonule observed closely, it can be seen to apparently dissolve 
and with a thin, small lens one may see the hyaloid face exposed as the lens seems to 
slip away from the zonule. 

Following uneventful delivery of the lens the chamber may seem to deepen rapidly 
suggesting rupture of the hyaloid face. However, slit-lamp examination in the post- 
operative period shows the hyaloid in these cases to be intact. The reviewer feels that 
even in the late postoperative period, a-chymotrypsin does not cause any more rupture 
of the hyaloid than normally occurs. This paper would seem to confirm this impression 
that a-chymotrypsin has no immediate affect on anterior hyaloid. 

P. Ross McDonatp 


THE PRESERVATION OF EYE TISSUES 
III. Current Stratus or TRANSPLANTATION 


Joun Harry KineG, Jr. AND SHANKAR B. CHAVAN 
Washington, D. C. 
Georgetown M. Bull., 1959, 13: 87-88 


Preserved cornea, conjunctiva, sclera, and vitreous can be stored in vacuum 
in sealed glass tubes at room temperature for at least 2 years. While fresh ma- 
terial is used for elective operations, preserved tissue is valuable in emergency. 

Cornea is preserved by dehydration in 95 per cent glycerine. Lamellar kerato- 
plasties using preserved cornea in 60 cases has been as successful as that using 
fresh donor grafts. The therapeutic effect in cases of recalcitrant keratitis was 
even better, possibly because protein alteration in the preserved corneas caused 
less antigen-antibody reaction, and possibly because the antibiotic solution in 
which it was rehydrated was beneficial. Although several successful penetrating 
keratoplasties have been performed with preserved cornea, for the present 
fresh donor material should be used except in emergency. 

Vitreous is preserved by rapid freeze-drying (lyophylization). When the 
resultant white powder or high concentrate is reconstituted with normal saline 
or distilled water, the consistency and transparency are characteristic of normal 
vitreous. Preserved vitreous implanted in 16 cases of complicated retinal de- 
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tachment and in 5 cases of injury or disease behaved like fresh vitreous. Pre- 
served vitreous is superior in ready availability, maximal viscosity, dependable 
sterility, and in the effects of antibiotics if it is desired to include them in the 
preparation. 

Conjunctiva and sclera have been preserved by dehydration and by lyophyliza- 
tion, with or without pretreatment by glycerine. In animal experiments, trans- 
plants of these tissues have healed normally and have been indistinguishable 
from normal sclera and conjunctiva. They have not yet been tested in clinical 
cases. 

So far, attempts to transplant preserved lens material in animals have not 
been successful, possibly owing partly to special difficulties encountered in 
rabbits’ eyes. 


Comment: Corneas preserved by this method or by freezing after pretreatment with 
glycerine or by lyophilization, result in clear lamellar grafts. Preserved penetrating 
grafts do not remain clear and it is assumed that viable endothelium is necessary for 
transparency. Lyophilized vitreous is excellent when fresh vitreous is not available. 
Preserved sclera has been used clinically and Hervonét employs lyophilized donor sclera 
covering a plastic ball for implants following enucleation. 

Preserved eye tissues are becoming useful in many types of eye surgery. 

Joun Harry Kina, JR. 


ON THE PROGNOSIS FOLLOWING CATARACT OPERATION 
CARRIED OUT DURING THE FIRST TEN YEARS 
OF LIFE 


Von G. PAPAPANOS AND H. ScHENK 
Vienna, Austria 


Ophthalmologia, 1960, 139: 62-75 


The prognosis as regards visual acuity following cataract operations per- 
formed during the first 10 years of life has been the subject of many investiga- 
tions. Results of different observations are, however, difficult to compare because 
the studies have been carried out according to different points of view, even 
using different classifications. Moreover, before the day of the slit-lamp, inflam- 
mation in the anterior chamber—an outstanding determinant of prognosis—was 
often not noted. Most surgeons have strongly emphasized the time when the 
operation should be performed, with reference to the outcome of the procedure, 
and have discussed congenital and secondary cataract. 

The present report summarizes the outcome of operations carried out on 72 
eyes of 49 children during the first 10 years of life, between 1945 and 1954. Cases 
were classified as (1) congenital cataract with embryopathy and fetal irido- 
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cyclitis; (2) congenital cataract with no observable inflammatory eye changes; 
(3) traumatic cataract, regularly unilateral, following accidental injury. 


CONGENITAL CATARACT WITH EMBRYOPATHY AND FETAL IRIDOCYCLITIS 
(12 Cases, 10 Bilateral) 


After at least 3 years of observation the following factors were tabulated: 
visual acuity, the number of surgical interventions, the age at which the first 
operation was performed, and associated eye conditions. Either one or two dis- 
cissions were carried out in all cases, and linear extraction was not necessary in 
any case. In all 12 eyes, the eventual visual acuity, regardless of the age at which 
operation was performed, was very limited, and the eye could be considered as 
practically blind. Of 5 eyes operated upon during the first year, inflammation 
was followed by increased intraocular pressure and the development of bu- 
phthalmos necessitating repeated opening of the angle by deVincenti’s method. 
Of the 7 eyes operated upon from the 2nd to the 5th years, only 1 developed 
secondary glaucoma, which responded to a single cyclodialysis. 


CONGENITAL CATARACT WITHOUT INFLAMMATORY CHANGES 
(45 Eyes) 


This group included 19 with total bilateral cataract, 4 with total unilateral 
cataract, 15 with perinuclear cataract, and 2 with subcapsular cataract of un- 
determined type. Of the 19 with total bilateral cataract, 15 achieved visual 
acuity better than 6/60, of which 6 were better than 6/18. Most of these eyes 
were operated upon during the first 18 months of life in order to prevent de- 
velopment of amblyopia. Of the 6 eyes operated upon between the 6th and the 
8th year, visual acuity was 6/18 to 6/24 in one case, but in the others only 6/60. 
One eye became blind as a result of glaucoma secondary to complications fol- 
lowing linear extraction. 

The outcome of operation for partial congenital cataract was somewhat better, 
10 of the 19 achieving vision of 6/12 to 6/6. Since amblyopia was not a danger 
in these eyes, most of the operations were not performed until the 5th year. 
Of the 7 eyes with unilateral cataract, high grade amblyopia from 1/60 to 3/60 
was not hindered by operation, but vision in the other eye remained normal. 
It is conceivable that earlier operation might have prevented amblyopia. 


TRAUMATIC CATARACT 


Discission was performed once in 8 of the total 15 eyes, twice in 6 eyes, and 
three times in one eye. Linear extraction was necessary after discission in 5 
instances. In 5 eyes eventual vision was between 6/36 and 6/8, and in 5 others it 
was only 6/60, in 2 was 3/60, and in 2 was 1/60. One eye became blind as a 
result of secondary glaucoma. The reason for the relatively poor visual acuity in 
9 cases was injury of other eye structures. 

The time for operation of traumatic cataract in children is the same as for 
adults, at least 1 year after the injury. In our cases operation was performed 1 
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to 2 years after trauma, except in 1 case of luxation of the lens secondary to 
glaucoma which necessitated extraction after only 20 days. 


GENERAL CONCLUSIONS 


Review of the entire series indicates that in cases of congenital cataract with 
embryopathy and iridocyclitis, the outlook is practical blindness regardless of 
the age at which operation is carried out. It also happens that eyes operated 
upon during the first year are affected by intraocular pressure increases which 
necessitate further operations. Operation in these cases should, therefore, be 
postponed until after the inflammation has fully subsided. In our experience 
the optimal age is between the 4th and 5th year. 

Operations for bilateral total congenital cataract without inflammation should 
be done early, during the first year of life, in order to prevent amblyopia. Since 
when bilateral cataract is only partial, vision is sufficient to prevent amblyopia, 
operation in these cases can be postponed until the 4th to the 5th year. 

Operation of unilateral cataract does not prevent amblyopia, and at best 
leads to improved appearance. In these cases the operation should not be per- 
formed until the 4th to 5th years. 

Traumatic cataract should not be operated upon until at least 1 year after the 
accident. 


Comment: This paper reemphasizes the unfortunate plight of many patients with con- 
genital cataract. Cordes and Chandler in this country have pointed out the serious com- 
plications that frequently follow surgery for congenital cataract. 

There is always a question as to when to operate on a patient with congenital cataracts. 
I personally do not feel that early operation prevents amblyopia. Many of these children 
have a congenital type of amblyopia and despite early and successful surgery they may 
not get better than 20/70 vision. The deciding factor should be the visual acuity. If the 
cataracts are bilateral and opaque operation anytime after 10 to 12 months is indicated. 
However, if a child can see his toys and reach for a treat he should be left alone until an 
accurate estimate of visual acuity is possible. The reviewer does not favor early operation 
of monocular cataracts, in fact he usually recommends that they be left alone. 

Traumatic cataracts that are not associated with other gross injury usually respond 
well to surgery and these patients 5 to 6 years old and up may be fitted with contact 
lenses. 

This article should point out that conservatism is the best treatment of congenital 
cataracts. 

P. Ross McDonatp 
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EXTERNAL DISEASES 
ANTIBIOTIC THERAPY OF TRACHOMA 


MASAKIcHI MIKUNI, SHIGATAKA KOBAYASHI, AND TAKAO FUETA 
Niigata, Japan 
Acta med. biol., 1959, 7: 93-107 


Antibiotics are known to be effective against trachoma, but studies have not 
as yet indicated which antibiotics are preferable nor has the optimal dosage been 
established. Therefore a large-scale study was carried out on the children from 
the schools of Niigata and the suburbs. The drugs were given by school nurses 
and the effects checked by a physician once a week. After a given period of 
time, granules were expressed by means of a trachoma forceps and Keining’s 
massage used for papillary hypertrophy. 

The drugs tested were Aureomycin, Achromycin, Terramycin, Chloromycetin, 
Tlotycin, leukomycin, and Magnamycin in a Vaseline ointment. Various concen- 
trations were used in order to determine the dosage with the best curative effect 
with minimal irritation. Earlier phases of the study have established optimal 
dosages. Tsai showed that a 0.5 per cent Terramycin ointment was practical. 
Tanabe established 0.5 to 0.25 per cent concentrations of Aureomycin, and 
Tsuchiya showed that results with Chloromycetin continued to become better 
as the concentration was increased to above 1.0 per cent. Since this antibiotic 
is not irritating, larger doses may be safely given. The authors have used up to 
3 per cent concentration and plan a future study using a 10 per cent ointment. 

Experiments using Aureomycin once a day or two or three times a day for 2 
to 16 weeks showed that improvement was more rapid at first on the more 
frequent dosage, but that over the longer period of time results were practically 
the same on the two schedules. For mass treatment of children, therefore, daily 
administration for 3 to 4 months seems the most satisfactory. 

Studies of resistance showed that primary school children responded better 
than those from the middle school, partly because the younger children usually 
have earlier stages of trachoma. Cure rates improved yearly, and relapsed 
cases continued to respond. While some strains appear to be resistant initially, 
no evidence was noted of acquired resistance. The incidence of trachoma also 
decreased gradually over the course of the study. 

Antibiotics were compared in the authors’ clinic by giving daily doses of 1 per 
cent ointment of the different drugs. Achromycin, Terramycin, and Aureomycin 
were equally effective. Leukomycin was somewhat superior to Chloromycetin 
and Ilotycin, and Magnamycin was the least effective. Terramycin and Aureo- 
mycin tended to be irritating in higher doses, but Achromycin was not; more- 
over, it can be used in aqueous solution or in a very useful recent oil suspension 
as well as in the Vaseline base. Leucomycin tartrate in free base is inferior but 
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not irritating, and it can be used in aqueous solution. Chloromycetin and Ilo- 
tycin are less effective, but not irritating. Magnamycin easily causes allergic 
reactions. 


Comment: As there is no longer opportunity for mass studies of trachoma therapy in 
the United States, papers such as this are of practical interest in the handling of sporadic 
cases. It appears to answer questions as to frequency of application, choice of antibiotics 
and concentration thereof, and duration of treatment. It would be of interest to know 
whether any hypersensitivity (contact dermatitis) developed to any of the drugs. Unless 
naturally resistant strains remain as a permanent endemic reservoir, it appears that 
eradication of trachoma by means of antibiotics may become a reality in the future. 

Henry F. ALLEN 





THERAPEUTICS 
CRYOGLOBULINEMIA 


RATIONALE OF TREATMENT OF A CASE BASED ON UNUSUAL PROPERTIES OF THE 
CRYOPROTEIN 


Rosert D. Koiter, Demetrios A. Rigas, ArTHUR J. SEAMAN, BERNARD 
PrroFsky, AND Roy L. Swank 


The Divisions of Experimental Medicine and Neurology, University of Oregon 
Medical School, Portland, Oregon 


Am. J. Med., 1960, 29: 857-864 


The patient described is a 48-year-old man, who had a cryoglobulin with 
unique properties; it was stabilized in vivo and in vitro by basic organic amines. 
The cryoglobulin polymerized to form a gel which interfered with the blood 
clotting test systems, caused increased blood viscosity, correlating with the 
amount of cryoprotein, and slowed peripheral circulation. The initial whole blood 
viscosity was 25, or at least five times that of normal blood, and the plasma 
viscosity was 18, or at least 10 times that of normal plasma. The effect of this 
increased viscosity could be visualized by biomicroscopy of conjunctival vessels. 
There was marked engorgement of the capillaries, only a few of which had 
visible motion of red cells, and these showed marked sludging and slow rate of 
flow; however, only the peripheral blood flow appeared to be impaired. 

The mechanism of these effects is related to hydrogen bond formation; 
polymerization of activated fibrinogen to fibrin has also been shown to depend 
in part on hydrogen bounds. The present data indicate that the cryoglobulin 
described here copolymerizes with fibrinogen, causing a loose gel rather than 
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the normal fibrin clot, accounting for the clinical and laboratory abnormalities 
in clotting. The increased viscosity and slowed peripheral circulation probably 
reflect some degree of polymerization of the abnormal protein even at body 
temperature, since these effects are also decreased by infusion in vivo of arginine 
and lysine. At least one compensatory mechanism which probably operated 
in the patient was an increase in plasma volume. 

The site of production of the cryoglobulin is unknown, but is presumed to be 
the plasmacytes. Immunological studies indicated a cross reaction with anti- 
serums against normal y-globulin, but also a specific antigenic reaction peculiar 
to this patient’s abnormal protein. Similar immunological specificity of the 
abnormal proteins in myeloma and macroglobulinemia has resulted in two 
interpretations. One group favors the concept that these proteins result from 
aberrant protein synthesis of paraproteins similar but not identical to their 
normal counterpart. If the basic change is a neoplastic alteration of the plasma 
cell, as is thought to be true in myeloma, the rate of production of the abnormal 
protein might be expected to be autonomous and to occur at the expense of 
the synthesis of normal proteins. According to the other group, the abnormal 
protein accumulates because it lacks normal structure and function. This 
would suggest that removal of the abnormal protein might correct the clotting 
defects and viscosity. 

The protein has a long turnover time with a half-time of 18.8 days. It is 
related immunologically to y-globulin but also has a specific immunological 
reaction. Nitrogen balance studies show a decrease in the concentration of 
cryoglobulin when the patient was in negative nitrogen balance. Following 
plasmapheresis, with decrease in the concentration of cryoglobulin from 9.5 
to 4.4 gm. per cent, there was a decrease in plasma volume from 63.2 to 52 cc. 
per kg. of body weight, which accompanied the amelioration of symptoms, 
signs, and abnormal laboratory findings. 

Initial physical examination revealed a well nourished, well looking white 
man. Faint cyanosis was seen in fingers and feet, and there were spider angiomas 
and prominent capillary circulation over the face and collar area. Optic fundi 
showed greatly distended, tortuous veins with ‘“‘sausage-like”’ indentations where 
arterioles intersected their course. Flame-shaped and well demarcated hemor- 
rhages were seen in both fundi. 

The patient was first seen on June 17, 1957, after a marrow aspirate had 
been said to show plasmacytic myeloma. He dated the onset of his illness to 
1953, when he began having epistaxes, self-limited at first, but recurring at 
decreasing intervals. Since 1956 he had also had a 24-hour episode of gross 
hematuria and had noted that he bruised eaily. In addition, he complained of 
fatigability, mild exertional dyspnea and visual impairment; exposure to cold 
increased all of these symptoms. He had no skeletal pain, and roentgenograms 
of the skeleton were reported to reveal no abnormalities. 

In August 1959, the patient had a temperature of 102° F., malaise, and aching 
pain in his arms and legs. There were no localizing signs of infection, and he 
responded to several days of tetracycline therapy. Another attack of fever 
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in September subsided without therapy. In October 1959 he was hospitalized 
because of recurrent fever and malaise. Blood cultures were positive for y-strep- 
tococcus; after an initial response to penicillin and streptomycin, hypesthesia of 
the left side developed on November 12, 1959. He became comatose, generalized 
convulsions ensued and he died. Autopsy demonstrated a massive intracerebral 
and intraventricular hemorrhage, subacute bacterial endocarditis involving the 
pulmonary and mitral valves, and mild thickening of the mitral and aortic 
values consistent with old rheumatic disease. Cerebral blood vessels showed no 
evidence of aneurysm or septic embolus. 


Comment: There are a number of ocular vascular lesions which have been associated 
with cryoglobulinemia. These are usually noted as vascular occlusions. It is important 
that ophthalmologists be aware of this possible therapeutic approach for their patients. 

Irvine H. Lreopotp 


RELATIONSHIP BETWEEN SUSCEPTIBILITY TO CORTICO- 
STEROIDS AND RESISTANCE TO INFECTION 
AND RESPONSE TO CHEMOTHERAPY 


D. A. Lone 
London, England 
Antibiotica, 1960, 7: 28-58 


This review is based on the concept that physiologically used cortisone may 
be beneficial whereas empirical pharmacological use, for instance as a substitute 
for aspirin, may delay healing and cause complications. 

The adrenal cortex consists of three zones, each usually considered to exercise 
special functions: (1) the zona glomerulosa, producing the salt-regulating 
mineralocorticoids; (2) the zona fasciculata, producing the sugar-regulating 
glucocorticoids; (3) the zona reticularis, producing the sex-regulating hormones. 
Emotional stress, stimulating the cerebral centers, is thought to stimulate 
secretion of corticotropin via the hypothalamus, and this pituitary hormone 
in turn is thought to stimulate the adrenal secretion of cortical hormones. 
There is also evidence that the blood level of epinephrine stimulates secretion of 
adrenocortical hormones, probably through its effect on the pituitary. The 
regulating factors and interrelations of hormones within the three groups, and 
questions of species differences still require a great deal of study. Study of the 
biochemical breakdown of these hormones has been based largely on analysis of 
urinary steroids. 

The guinea-pig, rhesus monkey, and man are almost the only species which 
secrete hydrocortisone and are also almost alone unable to synthesize ascorbic 
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acid, which plays some role in the synthesis of adrenal steroids. Ascorbic acid is 
concentrated in the adrenal cortex of all species, and its concentration and the 
adrenal cholesterol content are decreased by corticotropin. The mechanisms and 
interrelations have not yet been clarified. 

The functions of the different hormone groups are not entirely specific. In 
general, the salt-regulating hormones cause retention of sodium chloride and 
water and excretion of potassium, associated with increase in blood volume and a 
tendency to hypertension. A deficiency causes the opposite effects. The sugar- 
regulating hormones increase breakdown of carcase protein with increased 
urinary excretion of nitrogen and hypertrophy of the viscera. Failure to ap- 
preciate these effects on carcase and viscera has led to misinterpretation of 
biochemical observations. 

Secretions of the thyroid gland and the islets of Langerhans modify the rela- 
tion between adrenocortical activity and resistance to infection. In order to 
understand the relationship between adrenal cortical activity and infection it 
is necessary to distinguish two species types, one cortisone-sensitive and the 
other cortisone-resistant. This distinction is important in interpreting bio- 
chemical studies and in considering the effect of cortisone on permeability of 
membranes, and especially on the adrenocortical activity and inflammation. 

Hench’s original observation that cortisone protects tissues against inflamma- 
tion associated with rheumatic disease without affecting the source of the in- 
flammation remains true today. In cortisone-sensitive species, cortisone may 
render animals susceptible to infection by nonpathogenic bacteria and may 
turn latent infections into acute ones. Evidence from animal studies does not 
justify the assumption that the resistance of man to infection is reduced by 
cortisone. 

Man is in many ways similar to cortisone-resistant animals, and is obviously 
more resistant to cortisone than the cortisone-sensitive species. Early state- 
ments that infection in man was increased by cortisone were based on analogy 
with animal studies and are not borne out by results of clinical use of cortisone. 
While man appears to be cortisone-resistant, the degree of his resistance is still 
unknown. 

The exact degree to which cortisone therapy may be harmful or beneficial 
will probably not be known until its effect on man’s response to bacterial in- 
fection is better understood. Animal study suggests that the greatest benefits of 
cortisone are due to effects on endotoxins and other allergic reactions. If this is 
true the greatest effect on symptoms should occur when it is given early in 
highly acute disease. Clinical experience using cortisone alone or in combina- 
tion with antibiotics supports this view. While conclusive statements cannot be 
made, the danger of cortisone therapy in infective conditions does seem to have 
been overstated. Since man may not be entirely cortisone resistant, concurrent 
use of antibiotics seems advisable in children. 

The problem in the rheumatic diseases is different. The authors’ analysis of 
evidence suggests that corticosteroids break a vicious circle initiated by strep- 
tococcus infection, by decreasing sensitivity to bacterial allergens. Even less is 
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known of the pathogenesis of rheumatoid arthritis. Much recent confusion on 
aspirin and cortisone therapy needs to be eliminated and Hench’s studies re- 
viewed. Its use in colitis seems limited. 


Comment: There have been many excellent reviews on this subject by Kass and Finland, 
1953; by Germuth, 1956; and Spink, 1957. It has been demonstrated repeatedly that 
there are many species that are cortisone-sensitive, 7.e., in such animals the administration 
of steroids convert latent bacterial infections into acute fulminating ones and the same 
applies to fungus and viral infections. It is rather conclusive evidence, for example, in 
the rabbit that cortisone increases the susceptibility to bacterial infections due to a wide 
range of organisms. However, all of this information does not prove that cortisone will 
diminish resistance to bacterial infection in man. It is fairly well established experi- 
mentally that herpes simplex keratitis is exaggerated by the use of steroids locally. There 
are human eyes infected with herpes simplex virus that do poorly on steroids. On the 
other hand, we all have seen eyes which have done well on local steroid therapy in the 
presence of a herpes simplex keratitis. It is important to determine the reason for this 
difference. There is much evidence to indicate that one cannot transfer information ac- 
quired in the experimental animal to the human in dealing with the influence of steroids 
and resistance to infection or sensitivity to infection. There are reports in the literature 
of beneficial effects of steroids in tuberculosis although there are animal studies which 
indicate that steroids in this disease lower the resistance of the animal. There are also 
similar reports of the beneficial effects of steroid treatment in streptococcal infections; 
in pneumococcal infections and in typhoid fever. These all suggest that man is a cortisone- 
resistant species and that the early fears of steroids potentiating infection were over- 
stated on the basis of a weak analogy. Perhaps the most important point of this paper is 
that it stresses the necessity at the present time to assess accurately the degree of corti- 
sone resistance in man. It is probable that man is not as resistant to cortisone as is the 
guinea pig and the rhesus monkey. It is apparent that the effect of steroids in ocular 
infections will depend on the type of animal employed. It must be realized that man, 
the rhesus monkey and the guinea pig differ from animals such as the rat, mouse, and 
rabbit. The rat, mouse, and rabbit are not readily sensitized to tuberculoprotein. They 
are capable of synthesizing their own ascorbic acid. When placed under stress, there is 
evidence that the thyroid gland in these animals is depressed. In addition, the predom- 
inant natural adrenocortical hormone liberated by stress in these animals is not hydro- 
cortisone. Man, the rhesus monkey and the guinea pig, on the other hand, are readily 
made sensitive to tuberculoprotein. They do not synthesize their own ascorbic acid. 
Their thyroid glands are stimulated in response to stress and the predominant natural 
adrenocortical hormone is hydrocortisone. Long, since 1954, has attempted to differen- 
tiate these animals into two groups; the rat, mouse, and rabbit being considered cortisone- 
sensitive and the others—man, the rhesus monkey, and the guinea pig—as examples of 
cortisone-resistant species. 

Irvine H. LEoPoLp 





SURVEY OF OPHTHALMOLOGY 


MODERN THERAPY OF UVEITIS 


Dan M. Gordon 
New York, New York 
Am. J. Ophth., 1960, 50: 236-249 


(Editor’s note: Because of the nature of the following comments by Dr. Woods, an 
abstract of the original article was considered unnecessary.) 


Dr. Gordon outlines in excellent fashion the guiding principles of cortico- 
steroid therapy, and recommends that in the absence of any specific therapy, 
patients with uveitis, irrespective of the granulomatous or nongranulomatous 
nature of the disease, should immediately be placed on treatment with the 
adrenal corticosteroids in sufficient amount to control the uveal inflammation. 
In the tuberculous form of granulomatous uveitis, this administration of the 
corticosteroids should be accompanied by specific therapy for the basic tuber- 
culous infection. 

Dr. Gordon recommends that in chronic uveitis, provided the patient shows an 
initial favorable response to the steroid therapy, topical or systemic cortico- 
steroid therapy should be employed and continued over a long period of time, the 
only alternative to such prolonged therapy being the acceptance of an almost 
inevitable blindness. In another communication (A.M.A. Arch. Ophth., 62: 
400, 1959) Dr. Gordon has reported the results of such steroid therapy, pro- 
longed over periods of from several months to over 9 years, in 93 cases of chronic 
uveitis. The over-all success rate in the sense of either a biological cure or a 
satisfactory control of inflammation, was 82 per cent, with slight or equivocal 
improvement in 9 per cent, and a failure rate of approximately 9 per cent. In 
these patients there was a striking absence of any serious deleterious side-effects. 
In the present paper, Dr. Gordon suggests that this relative immunity was due 
to the fact that, except for the uveitis, these patients were all healthy individuals. 
He recognizes, however, the usually accepted contraindications to corticosteroid 
therapy. 

Dr. Gordon enumerates the generally recognized causes of granulomatous 
uveitis, together with the conventional specific therapy. However, he states 
that in his opinion most cases of uveitis are due to an allergic reaction, rather 
than to a specific infection. He clearly expresses his dissatisfaction with the 
results of medical surveys designed to determine the cause of any uveitis, says 
that such surveys are usually fruitless, and suggests that even those ophthal- 
mologists who have advocated in print such examinations are, in their minds, 
somewhat dissatisfied with the paucity of positive findings. 

With occasional disagreement on a few minor points, little exception can be 
taken to Dr. Gordon’s ‘‘Guiding principles in corticosteroid therapy,” as outlined 
in table 4 of his present paper. However, several of his other recommendations 
and conclusions cannot be accepted without serious reservations. These points 
of disagreement must be emphasized. 

His conclusion that most cases of uveitis are an allergic reaction can be ac- 
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cepted at face value for the usual case of nongranulomatous uveitis. Therefore, 
with the exception that the immediate institution of steroid therapy will in- 
terfere with a diagnostic survey, of which Dr. Gordon does not unqualifiedly 
approve, there can be no quarrel with the recommendation that proper and full 
corticosteroid therapy is indicated in all cases of nongranulomatous uveitis. 
It is also true that in granulomatous uveitis the uveal tissues frequently become 
hypersensitive to the specific protein of the causative pathogen, and a reaction 
between such sensitized tissues and any residual antigen in the eye, or reaching 
if from some endogenous source, will result in an allergic inflammation. This 
secondary acute allergic inflammation may pose an even greater threat to the 
functional integrity of the eye than does the basic infection. In such cases, 
immediate steroid therapy may also be indicated. However, this acquiescence to 
the immediate institution of corticosteroid therapy most certainly does not 
apply to all cases of granulomatous uveitis. If Dr. Gordon’s recommendation 
is followed in all cases for which there is no immediate specific therapy in- 
dicated, it is inevitable that cases due to tuberculosis will receive such long- 
term corticosteroid therapy. While it is true that Dr. Gordon specifies that such 
patients should also receive concomitant specific therapy for tuberculosis, never- 
theless, it would take a super-ophthalmologist to make an etiological diagnosis 
of tuberculous uveitis on the clinical examination of the eyes alone. It would 
therefore appear much wiser that in all patients with granulomatous uveitis, 
with the exception of those whose eyes show an acute and dangerous allergic 
inflammatory reaction, corticosteroid therapy should be postponed until at 
least the sensitivity to tuberculin is determined, a radiographic examination of 
the chest and mediastinum has been made, and the results of a full physical 
examination are at hand. Only very rarely is the allergic reaction in 
granulomatous uveitis so acute that this delay is contraindicated. Should such be 
the case, the patient should be given, as Dr. Gordon specified, the protection of 
added specific therapy for tuberculosis. However, in these cases the cortico- 
steroids should be withdrawn as soon as the acute allergic inflammation is 
controlled, and the specific therapy continued for several weeks to avoid a 
possible rebound phenomenon. 

The second reservation concerns the question of the value of a diagnostic 
survey designed to determine the etiology of the uveitis. There is some basis for 
Dr. Gordon’s skepticism. Primarily, in the search for the etiological factor in 
uveitis, there are no tissues available for biopsy or culture. Examination of the 
aqueous is almost uniformly negative, and it is therefore only rarely that an 
unequivocal etiological diagnosis can be established. The diagnoses are usually 
presumptive and are based on the history, the clinical examinations, and the 
results of the so-called “Diagnostic Survey.’”’ Unfortunately, many of the so- 
called surveys are limited to referring the patient to some internist who is 
often unacquainted with the problems of uveitis, and the ophthalmologist re- 
ceives a report of a negative physical examination, negative results for the 
conventional serological tests, and doubtfully accurate reports on the results 
of skin tests done with stock antigens, which may or may not be antigenically 
active. As a result of these reports, the uveitis under investigation is cavalierly 
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classified as of undeterminable etiology. The possibility of a specific therapy is 
regretfully dismissed, and resource is had to intensive and prolonged cortico- 
steroid therapy. 

On the other hand, if the ophthalmologist realizes the importance of a careful 
investigation of all possible leads, of the importance of suggestive but incon- 
clusive evidence, and analyses of the full results of an exhaustive diagnostic 
survey in the light of the history and clinical examinations, a quite probable 
etiological factor becomes evident in a high percentage of cases. In a forth- 
coming article (Am. J. Ophth., April, 1961), the results of 619 surveys, which 
were conducted in full accord with the “Field Investigation of Uveitis” as now 
sponsored by the American Academy of Ophthalmology and Otolaryngology, 
are reported. A presumptive etiological diagnosis was possible in 74 to 80 per 
cent of patients with granulomatous uveitis and in approximately 65 per cent 
of patients with nongranulomatous form of the disease. While many of these 
etiological diagnoses were tenuous, nevertheless the results of specific therapy 
clearly indicated that the number of such errors was relatively small. Despite the 
appreciable failure rate, the value of a thorough and properly conducted diag- 
nostic survey appeared vindicated. 

Definite exception must be taken to the suggestion that a diagnostic survey 
may be carried out synchronously with the intensive systemic administration of 
the adrenal corticosteroids. While such treatment will not influence the various 
clinical examinations or with the serological tests, it does interfere with the 
validity of the cutaneous reactions, both to the antigens used for the diagnosis 
of granulomatous disease and to the bacterial and other antigens employed in the 
search for the specific responsible allergen in nongranulomatous uveitis. If a 
survey is contemplated, treatment with the adrenal corticosteroids must be 
postponed until the results of all the cutaneous tests for hypersensitivity have 
been completed. 

The last comment concerns Dr. Gordon’s recommendations for prolonged sys- 
temic or topical corticosteroid therapy in chronic uveitis. In nongranuloma- 
tous uveitis, where the sterile inflammatory reaction is usually per se the 
cause of final organic changes, the inflammation can usually be suppressed by 
topical steroid therapy, reinforced by occasional courses of systemic treat- 
ment. When such therapy can be maintained during the long or short duration 
of the insult, the result is a symptomatic cure. Here these hormones reach 
their highest value in ophthalmology. In granulomatous uveitis the situation 
is quite different. Granulomatous inflammation of the uveal tract usually 
involves the posterior ocular segment, and in such case, topical therapy is 
useless and the systemic administration of the steroid is required to control the 
inflammation. It is quite true that in sympathetic ophthalmia, and also in 
ocular sarcoidosis, long term systemic therapy is usually required, and the 
possible occurrence of deleterious side-effects must be accepted as a calculated 
risk. In other forms of granulomatous uveitis, the prolonged, systemic ad- 
ministration of the adrenal corticosteroids is rarely, if ever, indicated. It must be 
remembered that the corticosteroids have no curative effect whatsoever, but 

















CLINICAL PRACTICE 371 


that in some unexplained manner they inhibit inflammation and edema. While 
the corticosteroids suppress edema and inflammation in granulomatous uveitis, 
they also inhibit, to a marked degree, the initiation of fibrosis and the mobiliza- 
tion of phagocytic cells. These reactions are Nature’s first defense against 
granulomatous infections. Once any acute, threatening, superimposed, allergic 
reaction in granulomatous uveitis has been suppressed, the corticosteroid therapy 
should be tapered off to a minimum, and then terminated as soon as possible. 
In the author’s personal experience, which of late years has admittedly been 
limited to severe cases seen in consultation, a number of patients with granu- 
lomatous uveitis have been encountered whose vision appears to have been 
sacrificed on the alter of prolonged systemic steroid therapy. When the 
steroid therapy was finally terminated in these patients, usually on account of 
some systemic side-effect, there ensued a relapse of the ocular inflammation 
which in some cases permanently destroyed the residual vision. 

It must be remembered that therapy with the adrenal corticosteroids is a 
two-edged sword and the dangers of serious side-effects cannot be minimized. 
Perhaps Dr. Gordon is correct in his surmise that the low incidence of such 
side-effects observed by him is due to the fact that, except for their ocular 
disease, his patients were almost uniformly healthy individuals. However, the 
experiences of other investigators has not been so fortunate. One has only to 
read the reports of Harwell and Regan (Medicine, 35: 83, 1956) and of Bunin 
(Bull. New York Acad. Med., 36: 451, 1957) to realize how frequent and serious 
these systemic side-effects may be. In his summary at the Symposium on “A 
Decade of Anti-Inflammatory Steroids from Cortisone to Dexamethasone” 
(Ann. New York Acad. Sc., 82: 1013, 1959) Bunin summed up the question 
of prolonged steroid therapy with the statement, ‘“Many patients who re- 
ceived long-term steroid administration could not tolerate its discontinuance, 
while others could not tolerate its continuance, and many who responded 
dramatically initially derived little benefit when steroid therapy was prolonged.” 
In all fairness to Dr. Gordon, it must be said that he recognizes these facts, 
but they should be emphasized. There is no hard and fast rule that can be 
applied to steroid therapy in granulomatous uveitis. Each case presents an 
individual problem. 

Atan C. Woops, Sr. 
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ANATOMY 


REGENERATION OF THE LENS, IRIS, AND NEURAL RETINA IN 
A VERTEBRATE EYE 


Leon 8S. STONE 
New Haven, Connecticut 


Yale J. Biol. & Med., 1960, 32: 464-473 


In vertebrate embryos the lens arises from surface ectoderm when, as normally 
occurs, it comes into contact with the early optic vesicles as they grow out from 
the brain wall. Ectoderm substituted from other parts of the same or another em- 
bryo also form lens. If ectodermal tissue fails to come into contact with the de- 
veloping eye, lens does not form. If the zonular fibers by which a mature lens is 
suspended are cut and the lens removed, it would seem unlikely that the lens 
would be replaced. However, Stewart and Epinasse appear to have confirmed 
Russian observations that cytolyzed fetal tissues introduced into emptied rabbit 
lens capsule regenerate lens tissue, and our own early studies with salamanders 
disclosed one adult newt, Triturus v. viridescens, in which, as observed earlier by 
Collucci, lens regenerated by budding from the dorsal pupillary margin of the iris. 

This regeneration is inhibited by the presence of living lens tissue, even from 
another species, but not by other tissues or by mechanical factors. It is inhibited 
temporarily by injection of aqueous from a normal eye. Normal neural retina is 
essential to lens regeneration, and the amount of lens regeneration is probably 
dependent on the amount of neural retina present. Polarization also appears to 
depend on neural retina. Presumptive lens-forming cells are found in the pupillary 
margin of the dorsal iris tissue and in retinal pigmented cells. We have so far 
found no such lens regeneration in fish, but it occurs readily in amphibians, 
especially salamanders. Removal of parts of the iris in newts leads to rapid 
healing, proliferation of pigment, and then complete regeneration of iris and 
lens. Even completely removed iris is regenerated, and the lens is also com- 
pletely regenerated if it has been completely removed. 

Regeneration of the optic nerve depends on the state of the retina, and espe- 
cially on that of the ganglion cells which supply the optic nerve and connect with 
the optic tectum. The eyes of larval salamanders are suitable for transplantation 
since retina survives and optic nerve fibers grow rapidly back into the brain, with 
return of vision. In the newt, however, only the retinal pigment epithelium sur- 
vives transplantation, and from this a new neural retina proliferates and new 
ganglion cells develop, with fibers which follow the tract of the old optic nerve. 
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Vision returns in 2 to 3 months. Removal of neural retina in these experiments 
hastens regeneration from retinal pigment cells. Even after four successive trans- 
plantations, or after using frozen material, the regeneration appeared to be per- 
manent. 

Transplantation of eyes between species with highly varying visual acuity 
leads to vision intermediate between that of the two species. Apparently the brain 
influences vision. Excision, rotation of the eye 180 degrees, and reimplantation of 
salamander embryo eyes results in normal vision if the operation is performed 
before the optic cup stage of development, but causes visuo-motor disturbance if 
the operation is performed after that. An eye of embryo larva transplanted to the 
side of the body of another embryo of the same age continues to develop during 
the embryonic stage, and if it is then transplanted to the site of the eye in another 
embryo of the same age, it usually survives. 

If an eye which has been rotated 180 degrees is operated upon again so that the 
poles are returned to normal position, the orientation of the animal becomes 
normal, even if the poles have been reversed with consequent visuomotor disturb- 
ance for over 4 years. If the eye is again rotated reversing the poles, the visuomo- 
tor disturbance recurs. 


Comment: Regenerative capacities of mammalian tissues are, in general, severely 
limited in comparison with lower forms. Cells of the central nervous system, including 
the retina, completely lack this capacity in mammals. The Yale Anatomist, Professor 
Stone, has applied himself most successfully for many years to problems in regeneration 
of ocular tissues in the Urodela amphibian. This paper is of particular importance be- 
cause it summarizes these studies. Obviously, the regenerative ability of the Urodela 
retina greatly exceeds that of mammals. Of particular significance is the demonstration 
of the pluri-potentiality of the pigment epithelium, which, although it possesses a highly 
specialized internal structure, can dedifferentiate and then reform the sensory portion of 
the retina with all its multiplicity of cell types, and extraordinary specialization in some 
of them. It should be noted that even the Urodela retina is so specialized, that the sensory 
cells themselves do not survive transplantation if they are fully differentiated, but are 
replaced by new cells derived from the simpler pigment epithelium. 

The recent work of Russian biologists on the regenerative capacity of lenses shows 
that the mammal has by no means lost all capacity to reconstitute itself. To date, such 
regeneration on the part of the lens has been shown to depend on remnants of the lens 
itself. In Professor Stone’s study, the neural portions of the iris have been shown to be 
able to reconstitute a lens, thus indicating that lens forming substances are not restricted 
to the surface ectoderm from which the lens ordinarily develops. During the past few 
years investigations utilizing immunological techniques have shown that lens-type 
proteins are located in the neural tissues as well as in the surface ectoderm during the 
embryonic stages of species, which as adults cannot regenerate lens. This suggests that 
the embryos of more advanced forms have within ocular tissues of pluri-potentiality 
(perhaps analogous to that demonstrated in adult amphibians) which is later lost. This is 
possibly another example of an embryonic stage of more phylogenetically advanced 
species possessing features found in the adult of more primitive types. 

GrorGE K. SMELSER 
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ULTRASTRUCTURE OF THE CILIARY EPITHELIUM 


AKE HOLMBERG 


A.M.A. Arch. Ophth., 62: 1959, 935-948 


THE ULTRASTRUCTURE OF THE CAPILLARIES IN THE 
CILIARY BODY 


AKE HOLMBERG 


A.M.A. Arch. Ophth., 62: 1959, 949-951 


DIFFERENCES IN ULTRASTRUCTURE OF NORMAL HUMAN 
AND RABBIT CILIARY EPITHELIUM 


AKE HOLMBERG 
A.M.A. Arch. Ophth., 62: 1959, 953-955 


(Editor’s note: Because of the nature of the following comments by Dr. Smelser, 
abstracts of the original articles were considered unnecessary.) 


These three papers summarize our knowledge of the fine structure of the ciliary 
epithelium-capillary complex from which the aqueous humor is derived. These 
structures are excellent examples of morphological adaptation for fluid transfer 
and are similar in make-up to those elsewhere engaged in fluid transfer and secre- 
tion. The large diameter thin-walled capillaries, perforated by numerous pores, 
are characteristic of these sites. Their structure contrasts sharply with that of the 
thick-walled vessels found in muscle, for example. It seems obvious, as suggested 
by the author, that the pores would greatly facilitate movement of material out 
of the capillary, but this possibility requires further study because particles, in- 
troduced into the circulation, have been found to leave via capillaries through the 
endothelial cells, being carried across in vesicles even though capillary pores sim- 
ilar to those described here were present. 

Material having left the capillaries diffuses through a connective tissue space 
to the basal epithelium of the ciliary process. This space differs in character, de- 
pending on the species. Two basement membranes must be crossed—one sur- 
rounding the capillary, and the other underlying the epithelium. The latter which 
is much more dense in the human than in the rabbit, would conceivably affect 
the rate of passage of materials through this area. 

The structure of the basal portion of the pigment epithelial cells is modified in 
a manner similar to that found in kidney and choroid plexus, where it may be 
assumed, a similar function is served. Deep clefts into the cell substance (called 
B-cytomembranes by Holmberg) are found, which greatly increase the cell 
surface. No obvious morphological modifications occur which might facilitate 
transfer of aqueous humor precursors from the pigment to the surface layer of 
epithelial cells, and there appear to be no unusual cell organelles which might spe- 
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cifically be involved in aqueous humor production in this layer. Nevertheless, it 
would be a mistake to assume that the pigment epithelium is not important to 
aqueous humor production. 

The superficial layer of epithelium is modified in a manner which has suggested, 
to other authors, that the surface of the cells facing each other may be of utmost 
importance in aqueous humor formation. These surfaces are in the form of ex- 
tremely complicated folds, so that adjacent cells interdigitate to an extraordinary 
degree. Such intercellular interdigitation is frequently found in epithelia with 
similar functions (kidney, choroid plexus). However, the ciliary epithelium pos- 
sesses this modification to a higher degree than others so far studied. The free 
surface of the epithelial cells, facing the posterior chamber, possesses additional 
B-cytomembranes or deep surface infoldings of the cell membrane. These underlie 
the internal limiting membrane which forms the attachment of the zonula fibers. 
The cytoplasm of these cells in the region of the superficial clefts contains many 
vesicles which are frequently arranged linearly. This distribution suggests to 
Holmberg that they may be packets of provisional aqueous humor which are dis- 
charged to the posterior chamber by fusion of the vesicles to form the clefts. This 
possibility has been denied by others who have presented evidence that these 
vesicles and clefts represent a mechanism for reabsorption of some material from 
the aqueous humor of the posterior chamber. 

It is of interest and importance to note that none of the investigators working 
in this field are in disagreement concerning the structures reported, but only on 
the interpretation of their function. Holmberg states very clearly that electron 
micrographs present only a static picture, and give no idea which way fluid is 
moving in the vesicles, or clefts, which he has so beautifully demonstrated. His 
reports are of utmost importance in understanding the mechanism of aqueous 
humor formation, and in this extremely difficult field the technical beauty of his 
preparations must be admired by all. The present reports deal with the normal 
appearance of the ciliary process of the two species in which most work and in- 
terest centers. He has coupled this description of the normal with other studies in 
which changes in morphology were found following experimental modification of 
aqueous humor dynamics. This certainly is a most exciting demonstration of 
modern anatomical methods applied to an important physiological problem. 
Gerorce K. SMELSER 
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PHARMACOLOGY 
ATROPINE SENSITIVITY AND SEROTONIN IN MONGOLISM 


DonovcH O’Brien, M. WitHetmina HAAKE, AND BONNIE Braip 
Denver, Colorado 
Am. J. Dis. Child., 1960, 100: 873-874 


Conjunctival instillation of atropine is reported to cause an abnormally rapid 
rate of pupillary dilation in Mongols. This hypersensitivity might be due to 
decrease in some such natural atropine antagonist as serotonin. Moreover, 
the authors have noted in Mongols a decreased urinary excretion of 5-hydroxy- 
indoleacetic acid (5-HIAA), which is the end product of serotonin. The relation- 
ship between decreased excretion of 5-HIAA and atropine sensitivity was 
investigated by liberating additional serotonin by means of reserpine. 

The pupils of 10 Mongols and 10 non-Mongols, all children, were measured 
before atropine instillation and 15 and 30 minutes later. Twenty days later the 
experiment was repeated in the Mongols 244 hours after intramuscular injection 
of 15 ywg./kg. of reserpine, the dosage giving flushing and drowsiness but no 
other side effects. Because some investigators consider that age may affect the 
response to atropine, the study was repeated using 17 young adult Mongols 
and 14 healthy medical students. To avoid possible glaucoma, homatropine was 
substituted for atropine in this study. 

The rate of dilation was significantly faster in Mongols as compared with 
that of controls. However, possibly because maximal dilation occurred early, 
the rate did not differ at 30 minutes. Reaction to homatropine in young adults 
did not suggest hypersensitivity, and reserpine did not affect the rate of dila- 
tion in any group studied. Unlike previous investigations, this study did suggest 
that sensitivity to atropine decreases with age; but possibly the response to 
homatropine used in the older group differs from that to atropine. The nature 
of sensitivity to atropine in Mongols is still not understood. Its possible rela- 
tionship to serotonin invites further study. 


Comment: The observations of O’Brien and coworkers concerning the failure of intra- 
muscularly-administered reserpine to alter the action of atropine on the pupil of the 
Mongol may indicate that serotonin has no blocking action on this supposedly charac- 
teristic response to atropine. The data would be more convincing if after reserpine ad- 
ministration there was evidence that serotonin was increased in the Mongols, partic- 
ularly in the iris tissue or at least in the vicinity of the iris tissue such as the aqueous 
humor where it might conceivably be measured. This is an interesting observation. The 
pupillary response of the Mongol from the practical standpoint simply points out that 
the pupils will dilate well with cholinergic-blocking agents and with sympathomimetic 
agents, but the reason for this still has to be explained. 

Irvinc H. LEopoip 
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ATROPINE RESPONSE OF THE EYES IN MONGOLISM 


JEAN H. PRIEst 
Buckley, Washington 
Am. J. Dis. Child., 1960, 100: 869-872 


Other workers have reported that the eyes of Mongols dilate more rapidly 
than those of others when atropine is instilled, and that the dilation persists for 
longer. The pupils of Mongols, however, are reported to respond normally to 
homatropine and cocaine. Among 200 Mongoloid patients the author has not 
noted any abnormal response to atropine given systemically. The present study 
is designed to determine the pupillary reaction of Mongols to atropine, and the 
specificity of the response was evaluated by comparing it with the response to 
hydroxyamphetamine hydrobromide (Paredrine hydrobromide). 

Thirty Mongols and an equal number of matched non-Mongols were used in 
the study. In one eye of each, 1 per cent atropine (a parasympatholytic and 
and cycloplegic) was instilled, and both eyes were examined at various time 
intervals. One month later 1 per cent hydroxyamphetamine hydrobromide (a 
sympathomimetic dilator) was given in the same way. Dilation was measured as 
the difference in millimeters between the diameters of the treated and untreated 
pupils of each patient. 

Analysis of measurements showed considerable overlap in the dilation of the 
pupils of individuals among the Mongols and controls. Total figures, however, 
showed that for time intervals up to 12 days, total pupillary dilation was 
greater in Mongols than in controls. These observations were true for both 
drugs used and the differences were statistically significant. 

Oster and Lowe have both noted abnormalities in the iris stroma which are 
suggestive of hypoplasia, and Lowe also considered the iris vessels to be hypo- 
plastic. The present study confirms the general observation that Mongols’ 
pupils are abnormal, but contributes nothing to the study of etiology. The 
unusual response of the pupil to atropine needs further study in relation to the 
abnormalities noted by other investigators. 


Comment: Both of these reports would seem to confirm the earlier observations that 
the pupils of Mongols differ from those of non-Mongols in their response to atropine. 
This response, however, does not appear to be limited to atropine for, as Priest has shown, 
the pupil of the Mongol appears to be more sensitive in its reaction to Paredrine. The 
pupil of the Mongol seems to act in an abnormal fashion to hydroxyamphetamine. There 
are a number of discrepancies in these observations that are not easily explained. Why 
should the pupil of the Mongol appear to be sensitized to atropine and not to homatro- 
pine? Why does the pupil respond in heightened fashion to a sympathomimetic agent 
such as hydroxyamphetamine as well as to cholinergic-blocking agent such as atropine? 
There are many questions which have not been answered. 

Irvine H. Leopoip 
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PHYSIOLOGY 


UPON NEW CASES OF CONGENITAL NIGHTBLINDNESS WITH 
FLECK RETINA 


Fumio KANDoRI 
Tottori, Japan 
Yonago Acta Medica, 1961, 4: 169-172 


Since 1946 the author has examined 568 patients complaining of night blind- 
ness, and in all cases photographs were taken with the retina camera. Among 
these cases were three with a characteristic type of flecked retina associated 
with congenital night blindness. The retinal flecking is clearly distinguishable 
from other disturbances of retinal pigmentation, and differs from Oguchi’s 
disease, which has not been observed in this area. Apparently this type of fleck 
retina has not been previously reported. Three cases histories are given in 
detail. 

Night blindness may be either congenital or acquired, and may be progressive 
or nonprogressive. Congenital nonprogressive night blindness includes Oguchi’s 
disease and fundus albipunctatum (or retinitis punctatus albescens). Congenital 
progressive night blindness consists of pigmentary degeneration of the retina, 
which may be combined with a nonprogressive type. Acquired night blindness 
may be due to local, systemic, or toxic factors. 

Fleck retina with night blindness examined over several years has shown no 
progression, no defect of the visual fields, no change in visual function related 
to this syndrome. It can be distinguished from Oguchi’s disease in several 
ways: (1) in Oguchi’s disease if a dark adapted eye is bandaged for some time 
the fundus appears normal, which is not true of fleck retina. (2) In fleck retina 
the flecks are confined to the medial portion whereas in Oguchi’s disease they 
are diffusely scattered. (3) The flecks in fleck retina are yellowish and in Oguchi’s 
disease are brownish gray. (4) The vessels are normal in fleck retina but some- 
what raised in Oguchi’s disease. (5) In fleck retina the macular region retains 
normal coloration but in Oguchi’s disease it assumes a dark color. (6) Adapta- 
tion to dark occurs in 30 to 50 minutes in fleck retina but requires 60 minutes 
in Oguchi’s disease. 

Fleck retina is distinguished from fundus albipunctatum by the absence of 
white dots on the flecks. It is distinguished from progressive retinitis 
pigmentosum by the absence of the three cardinal symptoms of that syndrome: 
narrowed retinal vessels, constriction of visual field, and pigmented flecks. 
It can be differentated from progressive forms by absence of causative factors 
from the history. 

The benign, nonprogressive character of fleck retina may possibly be explained 
by the normal state of the vessels. The flecks may be explained by abnormal 
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pigment deposits, which in some cases disturb the retinal metabolism leading 
to delay in dark adaptation. 


Comment: The author describes 3 patients who may well be representatives of a new 
entity. 
P,. THomas MANCHESTER, JR. 


OCCUPATIONAL INJURIES TO THE EYE RESULTING FROM 
EXPOSURE TO THE ELECTROMAGNETIC SPECTRUM 


Rosert D. BARRON 
Ottawa, Canada 
Med. Services J., Canada, 1960, 16: 487-500 


The increased use of many elements in the electromagnetic spectrum may in- 
volve new danger to the eye. This paper reviews available knowledge on these 
hazards and on the cause, effect, and prevention of eye injuries from irradiation. 
The electromagnetic spectrum runs from cosmic rays with a wave length of 
0.0005 A to electric power current with a wave length up to 8 million meters. The 
electromagnetic spectrum is usually divided into the following major segments: 
(1) cosmic rays, (2) y- and x-rays, (3) short- and long-wave ultraviolet rays, (4) 
visible rays, (5) short and long infrared rays, (6) radar rays, (7) micro waves or 
rays, (8) ultra high-frequency waves or rays, (9) short-wave diathermy rays, (10) 
electric current. 

Cosmic rays. These are the shortest (wave length less than 10” m.) and little 
is known of their effect on the eye. 

y-Rays, x-rays, fast neutrons, isotopes. y-Rays (wave length 10-” to 10-'* m.) 
are electromagnetic radiations or high-energy photons which originate in atomic 
nuclei. X-rays (wave length 10-" to 10~7 m., or 0.001 to 10 A) result from inter- 
actions of external electrons with nuclear and electronic fields of target atoms. 
Neutrons have the same mass as the proton, and are one of the major components 
of the nuclei of atoms. They are now produced in a pile reactor, and isotopes are 
usually prepared by irradiation of the pile. Radiation cataract results from ra- 
dium and high-voltage x-ray treatment, chiefly for carcinoma and sarcoma, with- 
out proper shielding. The cataract usually appears as a dot on the posterior pole 
of the lens. Small granules then appear around the dot, gradually forming a 
doughnut shape which may remain unchanged or may progress until it resembles 
other forms of cataract. About 90 cases have been reported. It can be prevented 
by lower ranges of dosage, fractionation of dosage, adequate shielding of the lens, 
using low voltage radiation instead of radon seeds to make adequate protection 
possible. Therapeutic x-ray may also lead to dermatitis and conjunctivitis. The 
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increasing use of x-ray and isotopes in industry introduces a new possible field of 
eye-hazards. Cataract does not seem to be a problem for atomic energy workers, 
but has been observed in those working with cyclotrons. The neutrons in cyclo- 
trons have about 4 to 8 times as much ability as x-rays to produce cataracts. 
Studies in university and national laboratories, as well as analysis of 3,700 sur- 
vivors of Nagasaki, have shown that the lens is very sensitive to nuclear radia- 
tion, that injury varies with dosage, and that cataract may not appear until 
months or years after exposure. The atomic fire ball may also burn intraocular 
structures, especially the retina. " 

Ultraviolet rays. Long and short ultraviolet rays (3,000 to 4,000 A) cause bio- 
chemical changes in the cornea and conjunctiva which appear after several hours 
as conjunctivitis and retinitis. The commonest effect is ‘“welder’s eye,” mani- 
fested chiefly as conjunctivitis or keratoconjunctivitis, which varies in severity 
with the time of exposure and the distance from the source. Symptoms develop 
within a few hours and subside within 48 hours, usually without sequelae. “‘Snow- 
blindness” seems to be a related phenomenon. 

Visible light. Visible light (8,000 to 4,000 A) contains also small amounts of 
short infrared and ultraviolet light. Excessive exposure to light may be injurious, 
but lack of visible light is more likely to cause damage such as miner’s nystagmus 
or signalman’s nystagmus, which are reported chiefly in Britain. 

Infrared rays. Long (several million to 13,000 A) and short (13,000 to 8,000 A) 
rays are usually generated by heated material and are commonly a hazard to 
workers in foundries and similar factories. Most of the damage from heat occurs 
after long, daily exposure and injures primarily the posterior cortex of the lens. 
Recent variant reports suggest that the relationship of infrared irradiation to 
cataract needs review. Rare cases of retinal burns have been reported. 

Radar waves or rays. Radar waves or rays (3 to 20 cm.) are divided into a radar 
X band (wave length 3 to 6 cm., frequency 5,000 to 10,000 megacycles) and radar 
S band (wave length 6 to 20 cm., frequency 1,500 to 5,000 megacycles). Studies 
to date have been concerned chiefly with production of cataracts in experimental 
animals. While relatively little investigation has been carried out on the effects 
of radar waves on human eyes, evidence does not suggest at present that there is 
any serious danger to those using airborne or ground-operated radar. Technicians 
who repair radar apparatus or conduct research apparently do undergo some 
risk. 

Micro waves. Micro-wave diathermy (7.5 to 75 cm.) overlaps the S band of ra- 
dar. Microwaves do not seem to have injured the eyes of workers in the field. 
Some generalized body reactions have been noted in experimental animals, but 
no cataracts. 

Short-wave and standard radio. These waves (6 to 600 cm.) have not been shown 
to harm the eye. 

Electric current. High-voltage electric damage to the eye not uncommonly ac- 
companies burns to the body due to the current, and may be delayed. Flash 
damage is more likely to affect the retina. 

The eye can be best protected from cosmic, y-ray, x-ray, fast neutrons, and 
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isotopes, by reducing and controlling exposure and by using adequate shields. 
Cataract due to radiation therapy can be prevented by adequate shields, lowering 
dosage, fractionating dosage, and using low-voltage radiation with protection 
rather than implanted radon seeds. In the fast neutron field, workers can be pro- 
tected by education, shielding, and controlled and reduced exposure. The popula- 
tion should be taught to protect itself from thermonuclear flash by closing and 
covering the eyes. Ultraviolet injury can be prevented by personnel equipment 
such as goggles and shields, and by control of exposure. Correct lighting prevents 
amblyopia from inadequate visible light. Infrared injury has been greatly reduced 
by the use of protective measures and by mechanization of many of the more in- 
jurious processes. Prevention of injury from radar and microwaves is still experi- 
mental, but General Electric has recommended a series of safety measures. 


Comments: This paper does not report about an author’s own investigations or clinical 
experiences. It is a thesis submitted as part of requirements to obtain a diploma in indus- 
trial hygiene by a military surgeon of high rank. It is in the nature of a survey and as 
such a collection of data gathered by others. It contains a lot of useful information, and 
it is well worth reading. 

The author covers the whole range of radiations from the cosmic “rays” with a wave 
length of 0.0001 A to the electric “waves” of the 60-cycle current which, thus, must have 
a wave length of more than 3000 miles. I am sure that many ophthalmologists have 
forgotten most of their high-school physics and will feel that a 10-minute blitz-survey of 
elementary radiation physics can be most useful. They might find the 2-page graph 
published in this article and prepared by General Electric Company especially rewarding. 
This graph itself contains a wealth of material in excellent visual presentation. People 
with a philosophical bend might note how the maximum of the sun’s radiation reaching 
the earth lies in the range of radiation visible to us (the Lord certainly created light to 
gratify the heart of man), and how its peak is at that very 5000 A wave length to which 
the rhodopsin of our eye is most sensitive. Others with interest in photography might 
discover how the output of a photoflood lamp and the sensitivity of a panchromatic filter 
relate to each other, etc. I certainly enjoyed all of this. People addicted to musing about 
such matters will of course also note the semantic confusion inevitable in a field that was 
approached from so many sides. They might ponder about such, in themselves insignifi- 
cant, facts that radiation of a wave length between 7.5 and 75 cm. is called “microwaves,” 
while the adjacent band of longer wave lengths, 75 cm. to 6 m., is the “ultra-high-fre- 
quency” band. All this makes so little sense. Some good washing, cleaning and ironing 
might seemingly do some good even to radiation physics. 

The clinical information offered in this thesis is less rewarding, even skimpy. This, to 
a certain extent, is gratifying because it shows that most of the bands of radiation dis- 
cussed have not produced much in the form of eye injuries. The essayist is, obviously, not 
an ophthalmologist and, thus, his evaluation of the reports of others on eye injuries caused 
by radiation is not very penetrating. There occur even such obvious oversights as the 
one about “conjunctivitis or retinitis” caused by short ultraviolet rays (page 491). 

It is interesting to see that the author includes miners’ nystagmus among the occu- 
pational eye injuries caused by radiation—obviously by a lack of it. It is important for 
us to be reminded, time and again and never too often, about the injuries caused by radia- 
tion in Hiroshima and Nagasaki. 

It was entirely new to me, and will, I am sure, be to many eye doctors, that exposure 
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to microwaves has among other things also caused cataract. None of the information on 
this wave type has appeared in ophthalmological journals, and we have to be grateful 
that the author has presented it to us. 

It was gratifying to learn that the “General Electric Company of the United States. . . 
appears to be one of the leaders in the field of prevention of accidental injuries,’ that 
there exists an “American Standard Safety Code for Protection of Head, Eyes and 
Respiratory Organs,” and that a magazine called “Electrical Engineering” carried a 
paper on “Eye Protection in Radar Fields” as recently as 1957. All of this must be news, 
good news, to ophthalmologists. 

ARTHUR LINKSZ 
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JAMES E. LEBENSOHN, Editor 


ON THE MECHANISM OF THE EYE 
Tuomas Younea, M.D., F.RS. 


London 


Royal Society of London, Philosophical Trans., 1801, 76: 23-88 


Dr. Porterfield has employed an experiment, first made by Scheiner, to the 
determination of the focal distance of the eye; and has described under the name 
of an optometer, a very excellent instrument, founded on the principle of the 
phenomenon. But the apparatus is capable of improvement; and I shall beg 
leave to describe an optometer, simple in its construction, and equally con- 
venient and accurate in its application. 

Let an obstacle be interposed between a radiant point and any refracting 
surface or lens and let this obstacle be perforated at two points only. Let the 
refracted rays be intercepted by a plane, so as to form an image on it. Then 
it is evident, that when this plane passes through the focus of refracted rays, 
the image formed on it will be a single point. But, if the plane be advanced 
forwards, or removed backwards, the small pencils passing through the perfora- 
tions, will no longer meet in a single point, but will fall on two distinct spots of 
the plane and, in either case, form a double image of the object. 

The same happens when we look at any object through two pin holes, within 
the limits of the pupil. If the object be at the point of perfect vision, the image 
on the retina will be single; but, in every other case, the image being double, we 
shall appear to see a double object: and, if we look at a line pointed nearly to 
the eye, it will appear as two lines, crossing each other in the point of perfect 
vision. For this purpose, the holes may be converted into slits, which render 
the images nearly as distinct, at the same time that they admit more light. 

Being convinced of the advantage of making every observation with as little 
assistance as possible, I have endeavoured to confine most of my experiments to 
my own eyes; and I shall, in general, ground my calculations on the supposition 
of an eye nearly similar to my own. I shall therefore first endeavour to ascertain 
all its dimensions, and all its faculties. 

My eye, in a state of relaxation, collects to a focus on the retina, those rays 
which diverge vertically from an object at the distance of ten inches from the 
cornea, and the rays which diverge horizontally from an object at seven inches 
distance. For, if | hold the plane of the optometer vertically, the images of the 
line appear to cross at ten inches; if horizontally, at seven. The difference is 
expressed by a focal length of 23 inches. I have never experienced any incon- 
venience from this imperfection, nor did I ever discover it till I made these 
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experiments; and I believe I can examine minute objects with as much accuracy 


as most of those whose eyes are differently formed. On mentioning it to Mr 
Cary, he informed me, that he had frequently taken notice of a similar cir- 
cumstance; that many persons were obliged to hold a concave glass obliquely, 
in order to see with distinctness, counterbalancing, by the inclination of the 
glass, the too great refractive power of the eye in the direction of that inclina 
tion, and finding but little assistance from spectacles of the same focal length 
The difference is not in the cornea, for it exists when the effect of the cornea is 
removed by a method to be described hereafter. 





Tuomas YOUNG 


When I look at a minute lucid point, such as the image of a candle in a small 
concave speculum, it appears as a radiated star, as a cross, or as an unequal 
line, and never as a perfect point, unless I apply a concave lens inclined at 


proper angle, to correct the unequal refraction of my eye. If I bring the point 
very near, it spreads into a surface nearly circular, and almost equably il 
luminated, except some faint lines, nearly in a radiating direction. When th 
point is further removed, the image becomes evidently oval, the vertical 
diameter being longest, and the lines a little more distinct than before. Re 
moving the point a little further, the image becomes a short vertical line; th 
rays that diverged horizontally being perfectly collected, while the vertical 
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rays are still separate. Some of these figures bear a considerable analogy to the 
images derived from the refraction of oblique rays, and still more strongly 
resemble a combination of two of them in opposite directions. 

The visual axis being fixed in any direction, I can at the same time see a 
luminous object placed laterally at a considerable distance from it; but in 
various directions the angle is very different. Upwards it extends to 50 degrees, 
inwards to 60, downwards to 70, and outwards to 90 degrees. The internal 
limits of the field of view nearly correspond with the external limits formed by 
the different parts of the face, when the eye is directed forwards and somewhat 
downwards, which is its most natural position; and both are well calculated 
for enabling us to perceive the most readily, such objects as are the most likely 
to concern us. It is well known, that the retina advances further forwards toward 
the internal angle of the eye, than towards the external angle; but upwards 
and downwards its extent is nearly equal, and is indeed every way greater than 
the limits of the field of view, even if allowance is made for the refraction of the 
cornea only. The whole extent of perfect vision is little more than 10 degrees; 
or, more strictly speaking, the imperfection begins within a degree or two of the 
visual axis, and at the distance of 5 or 6 degrees becomes nearly stationary, 
until, at a still greater distance, vision is wholly extinguished. The imperfection 
is partly owing to the unavoidable aberration of oblique rays, but principally to 
the insensibility of the retina. The motion of the eye has a range of about 55 
degrees in every direction; so that the field of perfect vision, in succession, is 
by this motion extended to 110 degrees. 

To find the place of the entrance of the optic nerve, I fix two candles at ten 
inches distance, retire sixteen feet, and direct my eye to a point four feet to 
the right or left of the middle of the space between them: they are then lost in a 
confused spot of light; but any inclination of the eye brings one or the other of 
them into the field of view. From the experiment here related, the distance of 
the centre of the optic nerve from the visual axis is found to be 16 hundredths 
of an inch; and the diameter of the most insensible part of the retina, one- 
thirtieth of an inch. It appears, that the visual axis is five-hundredths, or one- 
twentieth of an inch, further from the optic nerve than the point opposite the 
pupil. It is possible that this distance may be different in different eyes. 

Considering how little inconvenience is experienced from so material an 
inequality in the refraction of the lens as I have described, we have no reason to 
expect a very accurate provision for correcting the aberration of the lateral rays. 
But, as far as can be ascertained by the optometer, the aberration arising from 
figure is completely corrected; since four or more images of the same line appear 
to meet exactly in the same point, which they would not do if the lateral rays 
were materially more refracted than the rays near the axis. The weaker refrac- 
tive power of the external parts, must greatly tend to correct the aberration 
arising from the too great curvature towards the margin of the disc. But, neither 
this gradation, nor any other provision, has the effect of rendering the eye 
perfectly achromatic. Dr. Jurin had remarked this long ago, from observing the 
colour bordering the image of an object seen indistinctly. The observation is 
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confirmed, by placing a small concave speculum in different parts of a prismatic 
spectrum, and ascertaining the utmost distances at which the eye can collect the 
rays of different colours to a focus. By these means I find, that the red rays, from 
a point at 12 inches distance, are as much refracted as white or yellow light at 
11. The difference is equal to the refraction of a lens 132 inches in focus. But the 
aberration of the red rays in a lens of crown glass, of equal mean refractive 
power with the eye, would be equivalent to the effect of a lens 44 inches in focus. 
If, therefore, we can depend upon this calculation, the dispersive power of the 
eye collectively, is one-third of the dispersive power of crown glass, at an equal 
angle of deviation. Had the dispersive power of the whole eye been equal to 
that of flint glass, the distances of perfect vision would have varied from 12 
inches to 7 for different rays, in the same state of the mean refractive powers. 

The faculty of accommodating the eye to various distances, appears to exist in 
very different degrees in different individuals. In my eye the power is equivalent 
to a lens of 4 inches focus. A middle aged lady showed a power of accommodation 
only equal to the effect of a lens of 12 inches focus. In general, I have reason to 
think, that the faculty diminishes in some degree, as persons advance in life. 
I shall take the range of my own eye, as being probably about the medium, and 
inquire what changes will be necessary to produce it; whether we suppose the 
radius of the cornea to be diminished, or the distance of the lens from the retina 
to be increased, or these two causes to act conjointly, or the figure of the lens 
itself to undergo an alteration. 

Supposing the crystalline lens to change its form; if it became a sphere, its 
diameter would be 28 hundredths, and, its anterior surface retaining its situa- 
tion, the eye would have perfect vision at the distance of an inch and a half. 
This is more than double the actual change. Disregarding the elongation of the 
axis, and supposing the curvature of each surface to be changed proportionally, 
the radius of the anterior must become about 24, and that of the posterior 17 
hundredths. 

I shall now proceed to inquire, which of these changes takes place in nature; 
and I shall begin with a relation of experiments made in order to ascertain the 
curvature of the cornea in all circumstances. 

I had an excellent achromatic microscope, made by Mr. Ramsden for my 
friend Mr. John Ellis, of five inches focal length, magnifying about 20 times. 
To this I adapted a cancellated micrometer, in the focus of the eye not employed 
in looking through the microscope: it was a large card, divided by horizontal 
and vertical lines into fortieths of an inch. I placed two candles so as to exhibit 
images in a vertical position in the eye of Mr. Kénig, who had the goodness to 
assist me; and, having brought them into the field of the microscope, where they 
occupied 35 of the small divisions, I desired him to fix his eye on objects at 
different distances in the same direction: but I could not perceive the least 
variation in the distance of the images. 

But a much more accurate and decisive experiment remains. I take out of a 
small botanical microscope, a double convex lens, of eight-tenths radius and 
focal distance, fixed in a socket one-fifth of an inch in depth; securing its edges 
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with wax, I drop into it a little water, nearly cold, till it is three-fourths full, 
and then apply it to my eye, so that the cornea enters half way into the socket, 
and is every where in contact with the water. My eye immediately becomes 
presbyopic, and the refractive power of the lens, which is reduced by the water to 
a focal length of about 16 tenths, is not sufficient to supply the place of the 
cornea, rendered inefficacious by the intervention of the water; but the addition 
of another lens, of five inches and a half focus, restores my eye to its natural 
state, and somewhat more. I then apply the optometer, and I find the same 
inequality in the horizontal and vertical refractions as without the water; and 
I have, in both directions, a power of accommodation equivalent to a focal length 
of four inches, as before. 

Having satisfied myself that the cornea is not concerned in the accommodation 
of the eye, my next object was to inquire if any alteration in the length of its axis 
could be discovered; and, considering that such a change must amount to 
one-seventh of the diameter of the eye, I flattered myself with the expectation of 
submitting it to measurement. 

I therefore placed two candles so that when the eye was turned inwards, and 
directed towards its own image in a glass, the light reflected from one of the 
candles by the sclerotica appeared upon its external margin, so as to define it 
distinctly by a bright line; and the image of the other candle was seen in the 
centre of the cornea. I then applied the scale, in the manner already described, 
but without indicating any diminution of the distance, when the focal length of 
the eye was changed. 

Another test, and a much more delicate one, was the application of the ring of 
a key at the external angle, when the eye was turned as much inwards as pos- 
sible, and confined at the same time by a strong oval iron ring, pressed against 
it at the internal angle. The key was forced in as far as the sensibility of the 
integuments would admit, and was wedged, by a moderate pressure, between 
the eye and the bone. In this situation, the phantom caused by the pressure 
extended within the field of perfect vision, and was very accurately defined; 
nor did it, as I formerly imagined, by any means prevent a distinct perception 
of the objects actually seen in that direction; and a straight line coming within 
the field of this oval phantom, appeared somewhat inflected towards its centre; 
a distortion easily understood by considering the effect of the pressure on the 
form of the retina. Supposing now, the distance between the key and the iron 
ring to have been, as it really was, invariable, the elongation of the eye must have 
been either totally or very nearly prevented; and, instead of an increase of the 
length of the eye’s axis, the oval spot caused by the pressure would have spread 
over a space at least ten times as large as the most sensible part of the retina. 
But no such circumstance took place: the power of accommodation was as exten- 
sive as ever; and there was no perceptible change, either in the size or in the 
figure of the oval spot. 

I placed two candles so as exactly to answer to the extent of the termination 
of the optic nerve, and, marking accurately the point to which my eye was 
directed, I made the utmost change in its focal length; expecting that, if there 
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were any elongation of the axis, the external candle would appear to recede 
outwards upon the visible space. But this did not happen; the apparent place 
of the obscure part was precisely the same us before. 

From the experiments related, it appears to be highly improbable that any 
material change in the length of the axis actually takes place; and it is almost 
impossible to conceive by what power such a change could be effected. 

It now remains to inquire into the pretensions of the crystalline lens to the 
power of altering the focal length of the eye. The grand objection to the efficacy 
of a change of figure in the lens, was derived from the experiments in which 
those who have been deprived of it have appeared to possess the faculty of 
accommodation. 

I must here acknowledge my great obligation to Mr. Ware, for the readiness 
and liberality with which he introduced me to such of his numerous patients 
as he thought most likely to furnish a satisfactory determination. It is un- 
necessary to enumerate every particular experiment; but the universal result is, 
contrary to the expectation with which I entered on the inquiry, that in an 
eye deprived of the crystalline lens, the actual focal distance is totally un- 
changeable. This will appear from a selection of the most decisive observations: 

Mr. R. can read at four inches and at six only, with the same glass. He saw the 
double lines meeting at three inches, and always at the same point. Miss H., 
a young lady of about twenty, had a very narrow pupil, and I had not an op- 
portunity of trying the small optometer: but, when she once saw an object 
double through the slits, no exertion could make it appear single at the same 
distance. Hanson, a carpenter, aged 63, had a cataract extracted a few years 
since from one eye: the pupil was clear and large, and he could read most con- 
veniently at 11 inches. With the same glass, the lines of the optometer appeared 
always to meet at 11 inches. But a still more unexceptionable eye was that of 
Mrs. Maberly. She is about 30, and had the crystalline of both eyes extracted a 
few years since, but sees best with the right. With the assistance of a lens of 
about four inches focus, she can read and work with ease. With the small optom- 
eter the interesection was invariably at the same point. 

It is obvious that vision may be made distinct to any given extent, by means 
of an aperture sufficiently small, provided at the same time, that a sufficient 
quantity of light be left, while the refractive powers of the eye remain unchanged. 
And it is remarkable, that in those experiments, when the comparison with 
the perfect eye was made, the aperture of the imperfect eye only was very 
considerably reduced. Benjamin Clerk, with an aperture of 349 of an inch, 
could read with the same glass at 1% inch, and at 7 inches. With an equal 
aperture, I can read at 1% inches and at 30 inches: and I can retain the state of 
perfect relaxation, and read with the same aperture at 24% inches; and this is 
as great a difference as was observed in Benjamin Clerk’s eye. It is also a fact 
of no small importance, that Sir Henry Englefield was much astonished, as 
well as the other observers, at the accuracy with which the man’s eye was 
adjusted to the same distance, in the repeated trials that were made with it. 
This circumstance alone makes it highly probable, that its perfect vision was 
confined within very narrow limits. 
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Hitherto I have endeavoured to show the inconveniences attending other 
suppositions, and to remove the objections to the opinion of an internal change 
of the figure of the lens. I shall now state two experiments, which, in the first 
place, come very near to a mathematical demonstration of the existence of such 
a change, and, in the second, explain in great measure its origin, and the manner 
in which it is effected. 

I have already described the appearances of the imperfect image of a minute 
point at different distances from the eye, in a state of relaxation. The same 
appearances are equally observable, when the effect of the cornea is removed by 
immersion in water; and the only imaginable way of accounting for the diversity, 
is to suppose the central parts of the lens to acquire a greater degree of curvature 
than the marginal parts. 

The truth of this explanation is fully confirmed by the optometer. When I 
look through four narrow slits, without exertion, the lines always appear to 
meet in one point: but, when I make the intersection approach me, the two 
outer lines meet considerably beyond the inner ones, and the two lines of the 
same side cross each other at a still greater distance. 

Now, whether we call the lens a muscle or not, it seems demonstrable, that such 
a change of figure takes place as can be produced by no external cause; and we 
may at least illustrate it by a comparison with the usual action of muscular 
fibres. If we compare the central parts of each surface to the belly of the muscle 
there is no difficulty in conceiving their thickness to be immediately increased, 
and to produce an immediate elongation of the axis, and an increase of the 
central curvature. 

In man and in the most common quadrupeds, the structure of the lens is 
nearly similar. The number of radiations is of little consequence; but I find that in 
the human crystalline lens there are ten on each side. The quantity of the nerves 
which proceeds to the iris, appears to be considerably smaller than that which 
arrives at the place of division: hence there can be little doubt that the division 
is calculated to supply the lens with some minute branches; and it is not im- 
probable, from the appearance of the parts, that some fibres may pass to the 
cornea. The vessels coming from the choroid appear principally to supply a 
substance, hitherto unobserved, which fills up the marginal part of the capsule 
of the crystalline, in the form of a thin zone, and makes a slight elevation, 
visible even through the capsule. It consists of coarser fibres than the lens, 
but in a direction nearly similar; they are often intermixed with small globules. 

But, since the whole mass of the lens, as far as it is moveable, is probably 
endued with a power of changing its figure, there is no need of any strength of 
union, or place of attachment, for the fibres, since the motion meets with little or 
no resistance. The capsule is highly elastic; and, since it is laterally fixed to 
the ciliary zone, it must co-operate in restoring the lens to its flattest form. 

The appearance of the processes is wholly irreconcilable with muscularity; 
and their being considered as muscles attached to the capsule, is therefore doubly 
inadmissible. What their use may be, cannot easily be determined: if it were 
necessary to have any peculiar organs for secretion, we might call them glands, 
for the percolation of the aqueous humour. 
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With respect to the eyes of insects, I have not yet had an opportunity of 
examining them; but there is no difficulty in supposing that the means of pro- 
ducing the change of the refractive powers of the eye, may be, in different classes 
of animals, as diversified as their habits, and the general conformation of their 
organs. 


Editorial comment: Young’s inaugural thesis at the Royal Society, “(On the Mechanism 
of the Eye,” which was published when he was 28, is a recognized major contribution to 
ophthalmology. But his experiments indicating that a change in the curvature of the 
crystalline lens was the basic mechanism of accomodation failed to convince his con- 
temporaries. The ciliary muscle was yet to be described; and ‘Physiologists, not being 
acquainted with any muscular elements in the eye, could scarcely imagine by what 
mechanism the crystalline lens could change its form, and they were little inclined to 
believe with Young in the contractibility of the fibers of the lens” (Donders). Young 
discovered his own ocular astigmatism—1.7 D inverse astigmatism attributable to the 
crystalline lens—through the use of his optometer based on Scheiner’s experiment, and 
thus laid the cornerstone of our present knowledge of the subject. Young, who was some- 
what nearsighted, noted no visual impairment from his astigmia. He considered it due 
to an obliquity of the crystalline lens as he had been informed by his optician that some 
nearsighted persons secured improved acuity with their lenses set somewhat obliquely. 
Young also introduced quantitative perimetry, fixing the inner edge of the blind spot at 
12° 56’ from the fixation point. It remained for von Graefe in 1856 to study the visual 
fields for diagnostic purposes, and for Férster of Breslau in 1868 to design the first in- 
strumental perimeter. 


BIOGRAPHICAL NOTE 


Thomas Young (1773-1829) was the offspring of Quaker parents and displayed from 
childhood extraordinary precocity. At 14 he had mastered French, Italian, Spanish, 
Latin, Greek, Hebrew, Persian and Arabian, and became adept soon in horsemanship, 
music and art. After studying medicine at London, Cambridge, Edinburgh and Gottingen 
he established himself as a physician in London. Fortunately for science, he was financially 
independent, thanks to a legacy from his grand-uncle, and his meager practice left ample 
leisure always for his investigative interests. In spite of his intellectual brilliance—or 
rather because of it—Young was never popular either as lecturer or physician. The 
audience was cold to his creative thinking and the ill sought elsewhere for more positive 
reassurance. 

One year after his work “On the Mechanism of the Eye” Young wrote “On the Theory 
of Light and Colors” in which he demonstrated the phenomena of light interference and 
thus established definitively the wave theory of light. He suggested the physical depend- 
ence of color on wave length, held that heat consisted of vibrations longer than those of 
light, and proposed a theory of color perception by which color-blindness could be ex- 
plained. Young was acclaimed by Tscherning as “‘the father of physiologic optics’; and 
in Duke-Elder’s appraisal “Young was perhaps the most extraordinarily versatile genius 
that ever lived.” His motto was: “What one has done, another can do.” In physics his 
name is commemorated in “Young’s modulus,” and in medicine in ‘‘Young’s rule’’ for 
calculating the proportionate dose for children (age divided by the age plus 12). When 
the Rosetta stone was discovered in 1799 Young realized that the Greek inscription 
afforded a clue to the demotic and hieroglyphic texts. By 1814 he had translated the 
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demotic and a few years later made progress towards understanding the hieroglyphics. 
At the time of his death, at the age of 56, he was working on an ancient Egyptian dic- 
tionary. 
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Transactions of the American Ophthalmological Society, 1960. $10.00. 

University of Toronto Press, Toronto 5, Canada, 1961. 

The 96th Annual Meeting of the American Ophthalmological Society was held 
in Colorado Springs, Colorado, in 1960. The proceedings, as in former years, 
were published as the Transactions of the American Ophthalmological Society. 
The outstanding feature of all of these volumes has been and continues to be the 
published theses submitted by candidates for membership in the American 
Ophthalmological Society and accepted by the Committee on Theses. Hypo- 
thermia and Aqueous Humor Dynamics of the Rabbit Eye, A Phylogenetic and 
Ontogenetic Comparative Histoanatomic Study of the Aqueous Filtration Angle 
of Mammalian Eyes, and Toxoplasmic Retinochoroiditis are the theses subjects 
thoroughly discussed in this issue. 

In addition to the section on necrology devoted to Drs. Alvaro, Barkan, 
Burch, Burke, Fridenberg, Leahey and Samuels and the Minutes of the Pro- 
ceedings, many phases of ophthalmology are discussed, all of which are of con- 
siderable clinical interest. On the surgical side, Dr. Maumenee has considered the 
mechanism of function and failure of external filtering operations for glaucoma 
and Dr. Cordes and Dr. Jones discussed methods of handling congenital cataracts. 
A number of presentations dealt with aspects of uveitis such as sympathetic oph- 
thalmia by Dr. Devoe and necrotizing uveitis incident to diffusion of intra- 
cranial malignancies with nitrogen mustard by Banks Anderson, Sr. and Jr. Dr. 
Bedell presented an 18-year history of progressive bilateral chorioretinitis. Dr. 
George Wise discussed uveitis with secondary retinal arteriosclerosis. Electron- 
microscopic presentations of the morphology of toxoplasma accompanied by 
beautiful illustrations was the result of considerable research work by Dr. Hogan 
and his co-workers. There are papers on externa! diseases as well as esotropia. 
Dr. Burian and his co-workers called attention in this presentation to the changes 
which take place in chamber angle in association with patients with Marfan’s 
syndrome. Careful analysis suggests that certain forms of developmental glau- 
coma might be a manifestation of an inborn error of metabolism. 

Schaeffer presented a practical classification of glaucoma. 

Christiansen presented evidence supporting previous reports that the compli- 
cation of epithelization of the anterior chamber can be prevented by employing 
a limbal base flap in cataract surgery and that buried chromic or gut sutures 
offer greater safety than silk sutures placed through the flap. 

Dr. Thygeson recalled his large experience over 18 years with herpes simplex 
keratitis. In his searching analysis, he has reaffirmed his conclusions of several 
years ago of the devastating effect steroids may have on this disease. This is an 
important paper which should be read in its entirety. 

Drs. MacLean and Galin presented good evidence that the changes in intra- 
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ocular pressure induced by altering the osmotic composition of blood are due 
mainly if not entirely to changes in the volume of aqueous humor. An increase in 
osmolality of the blood withdraws water from the anterior and posterior cham- 
bers into the bloodstream and diminution of blood osmolality causes water to 
flow from the blood into the chamber. The intraocular pressure reflects these 
volume changes. The factor which produces the changes in intraocular pressure 
is the difference in osmolality between the blood and aqueous. 

This 58th Volume carries on the same high standards of previous volumes and 
is worthy of reading by the busy ophthalmologist. 

Irvine H. LEoPoLpD 


The Eye in General Practice, by C. 8. Jackson. $5.00. E. & 8. Livingston Ltd., 
Edinburgh and London; The Williams & Wilkins Company, Baltimore, Md. 
This is the second edition of a book first published in 1957. It is not intended 

as a complete text book of ophthalmology but is directed to description of some 

of the commoner conditions which are found in the eye and to point to the many 
ways in which the eye may reveal disease in other systems and in which diseases 
of the body as a whole may manifest themselves in the eye. The book has the 
needs of the general practitioner in mind. It deals only with common diseases of 
the eye and how the general practitioner may recognize the dangerous diseases 
in the eye in addition to illustrating the reasons for seeking the advice of the 
specialist. It is a very brief book in easily read print. It is extremely difficult to 
determine just how to limit the material which is to be covered, and Dr. Jackson 
seems to have done a creditable job in this regard. Many of the illustrations are 
excellent; others are not very illuminating. Perhaps it might be helpful if he in- 
cluded in a later edition, the method of measuring intraocular pressure in his 
short chapter on glaucoma. This type of text is helpful to the practitioner in inter- 
pretation of reports that are received from ophthalmologists. Often it is the general 
practitioner who must explain to the patient exactly what the ophthalmologist 
has found and why he has recommended a particular type of therapy. 

Irvine H. LEOPOLD 


The Structure of the Eye (Proceedings of the Symposium held April 11-13, 
1960 during the Seventh International Congress of Anatomists, New York, 
New York), edited by George K. Smelser. $15.00. Academic Press, Inc., New 
York, 1961. 

Everyone is aware of the tremendous rapid advances being made in ophthal- 
mology and of the difficulties in keeping up to date. The anatomy of the eye is an 
area in which fundamental problems have entered an astonishingly vigorous and 
expanding phase. Particularly is this true by virtue of the advent of electron- 
microscopy into this field. 

This volume edited by Dr. Smelser represents the presentations of an interna- 
tional group of authorities in the field of the fine structure of the different parts 
of the eye. It deals primarily with the latest developments of electronmicroscopy 
of the cornea, the iris, the vitreous body and retina under normal and pathological 
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conditions. In this volume one finds not only studies done by electronmicroscopy 
but the additions and techniques of histochemistry, immunology and radioautog- 
raphy as a means of acquiring new information. Much of these analyses con- 
firmed findings and suppositions of the past. However, in many instances, newer 
methods revealed undreamed of structures and relationships. As Dr. Smelser 
puts it, this constitutes the “current events” of eye anatomy supplementing 
textbook knowledge. 

The illustrations are quite clear and in many there are schematic drawings 
which clarify to a great extent the electronmicroscopic presentations for the un- 
initiated. There are more than 14 presentations which deal with elements of the 
retina and five with the lens. The vitreous, the cornea, the iris, and the ciliary 
body are also considered in great detail. Some of the presentations are followed 
by discussion which adds considerably to the understanding and the interest. 

This is not the type of text that can be read quickly. It is filled with new infor- 
mation, particularly for those who have had no previous knowledge of electron- 
microscopy. There is no doubt that it represents a significant contribution and 
will be rewarding to those who take the time to read it. One cannot help but be 
impressed by the diversity of the approaches. We can be thankful that there are 
people of such caliber busily engaged in this field and that they are able to pre- 
sent their findings in a fashion which is understandable to those not presently 
engaged in these pursuits. Publication of this symposium makes available for the 
first time in one volume for the research worker as well as the clinician much of 
the current activity in the fundamentals of ocular anatomy. 

Irvine H. Lropoip 
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SEROUS CHOROIDAL DETACHMENT 


SOLOMON 8S. Brav, M.D. 


Assistant Professor of Ophthalmology, Graduate School of Medicine, 
University of Pennsylvania, Philadelphia 


tetinal detachment is a condition known to the medical profession because 
{ its dramatic nature. Unhappily, it is an all too common condition. Choroidal 
etachment, on the other hand, to paraphrase Ryecroft,*! is a poor relation and 
ke the poor relation it occupies a position of insignificance in textbooks, where 

is often entirely ignored or briefly dismissed with a few words. Even the late 
rnst Fuchs, whose interest in this subject was monumental and who published 
i¢ first monograph of any real significance, has only a few words to say about 

in his celebrated textbook of ophthalmology. Choroidal detachment, never- 
heless, is not an uncommon condition and may at times be the cause of con- 
iderable unrest for the ophthalmologist. Most difficult of all aspects for the 
ionolingual American is the fact that most of the work has been written in 
reign tongues with only an occasional article in the English language. It is 
oped, therefore, that this review will be instructive and enlightening. 

The first mention of this subject in the English language was by Wardrop,** 
vho, writing in 1818, quoted the famous anatomist, Zinn, as having stated in 
755 that fluid could be found between the choroid and the sclera in certain 
liseases. 

In 1832, von Ammon!‘ employed the term of “hydrops externus” in referring 
» choroidal detachment. At that time retinal detachment was classified as 
0-called “hydrops posterior” by many authors. By 1855 Stellwag von Carion" 
was employing the term of “hydrops choroidieae externus’’ as representing 
choroidal detachment. Inevitably, Albrecht von Graefe was!‘ the first ophthal- 
mologist to diagnose choroidal detachment with the ophthalmoscope, reporting 
three cases in 1858. 

Numerous reports appeared in the literature in the second half of the 19th 
century. The first case, following cataract extraction, was by Knapp!'* in 1868, 
when, some seven weeks after a cataract extraction, he noted a dark, semi- 
vlobular lesion in the vitreous body, which he mistook for a malignant melanoma 
ind for which the globe was removed. The autopsy diagnosis was choroidal 
detachment. 

The first paper of any importance in any language is that of Ernst Fuchs" in 
which he formulated the theory that the aqueous passes through a rent in the 
suprachoroidal space at the site of the pectinate ligament and that aqueous 
percolates backwards and elevates the choroid. 

One of the interesting historical sidelights of this subject concerns an eye 
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enucleated in 1896 by one Henri Dor'':'* following a lens extraction for th 
usual suspicion of a melanoma, which upon microscopic section was deduced t: 
be only a choroidal detachment. His son, Louis Dor,'': '* in 1934, described : 
‘ase where choroidal detachment followed a corneoscleral trephination approxi 
mately 2 months postoperatively and against his own convictions but in deference: 
to several colleagues he enucleated the eye, which turned out to have only : 
choroidal detachment, thereby, some 38 years later, repeating the mistake o| 
his father. This lesion, incidently, had failed to transilluminate, thus demon 
strating that this diagnostic procedure is not by any means a certain guide. 

In the United States the first paper of real importance was that of Barkan! i: 
1915, in which a real attempt to properly classify choroidal detachments wa- 
made. His classification was much like that of Fuchs and the comparison can bi 
seen by the following tables: 


Fuchs Barkan 
1. Following surgery 1. Tears of the ciliary body with aqueous per 
2. Hemorrhagic, so-called expulsive colation into the supra-choroidal space. 
3. Atrophic, only seen in microscopic 2. Traction by organizing masses in the vitreous 
sections 3. Hemorrhage in and beneath the choroid from 
4. Acute inflammatory process ruptured vessels 


4. Inflammatory detachment 


Before proceeding to more modern thoughts on this subject, a word con- 
cerning the anatomy of the choroid and ciliary body is in order. The ciliary 
body and choroid are loosely attached to the sclera by delicate suprachoroida! 
lamellae except in three particular areas: (1) in the region of the scleral spur; 
(2) in the areas of the venae vorticosae; (3) at the optic nerve. In all other areas 
the direct attachment is almost negligible. 

It is important to remember that the base of the vitreous is anterior to the 
ora serrata in a zone 1.5 mm. wide, which zone is immediately posterior to the 
pars plana of the ciliary body. This is alleged by Villaseca*® to play a definit: 
role in those cases of serous choroidal detachment which are supposedly produced 
by vitreous herniation into the anterior chamber. Villaseca quoted Wolff, the 
anatomist, as pointing out that the firm areas of attachment of the choroid wer 
at the margin of the disk, at the venae vorticosae, and at the site of the sclera! 
spur. Wolff also noted that the lamina of the suprachoroidia are more compact 
posteriorly than they are anteriorly, which may in some fashion account for th 
fact that most choroidal detachment remains anteriorly and does not progress 
beyond the equator. Massive detachments, however, can occur. 

It should also be noted that the anterior portion of the ciliary body allegedly 
will not completely detach, since this area is supported and held in place by thi 
anterior ciliary arteries and the anterior end of the long posterior ciliary arteries 
These vessels and the scleral spur attachment, therefore, are the main support 
for the ciliary body. 

There is great variance in thought as to the physiological and pathological! 
alterations which are responsible for serous choroidal detachment, both following 
intraocular surgery and of a spontaneous nature. Knapp’s'* original idea in 1868 
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was that this condition was the result of a plastic scleritis. By 1900 Fuchs“ 
considered that there was a tear in the region of the ciliary body in the area of the 
pectinate ligament, which permitted seepage backward of aqueous into the 
suprachoroidal space. Fuchs was also the first one to believe that transudation 
of fluid from the veins took place but it was not until approximately 35 years 
later that O’Brian”: *° analyzed the fluid which was obtained from a choroidal 
detachment and proved that it was a transudate from choroidal veins and not 
a backward filtration from the anterior chamber. 

It is interesting to note that Marshall?! in 1896 and Hudson" in 1914 both 
had already come to the realization that the combination of low intraocular 
pressure and intraocular surgery was necessary in order to produce serous 
choroidal detachment and that it was an abnormal transudate that was formed 
and which disappeared when the intraocular pressure was re-established. 

Meller" in 1911 felt that there was a greater secretion of aqueous and that this 
hypersecretion forced itself back through the ciliary body and under the sclera 
producing the serous detachment. 

Hagen’s' concept is interesting. He proposed that when the anterior chamber 
empties at the time of surgery that the aqueous is replaced by fluid from the 
vitreous. If a wound leak is present, the continued loss of fluid from the vitreous 
results in loss of vitreous fluid volume with the resulting choroidal detachment. 
When the wound finally closes, the vitreous is replaced by ciliary body function. 

Kirby,’* who wrote extensively on cataract surgery, felt that surgical manipu- 
lation increased the degree and frequency of choroidal detachment, which is 
somewhat dubious in light of present knowledge. 

As in so many other ophthalmological pathological diseases which have 
been chronicled in the American language, one cannot escape the name of 
Frederick Verhoeff. Verhoeff**-* has been writing about this subject inter- 
mittently since 1915. He and others believed that the loss of aqueous was followed 
by reduction of intraocular pressure, which in turn gave rise to transudation 
from the ciliary vessels and also to loss of fluid from the vitreous. When enough 
fluid was present in the perichoroidal space and enough pressure existed, detach- 
ment then occurred. 

He stated, “In a typical case of postoperative choroidal separation due to 
wound leakage, the anterior chamber is formed the day afterwards but if the 
wound gives way later, the anterior chamber becomes obliterated and the 
intraocular pressure drops to zero due to the escape of aqueous. The pressure in 
the choroid now being higher than the intraocular pressure, fluid is transuded in 
larger quantities and can be carried off with resultant distention of the supra- 
choroidal space and compression of the vitreous. When the wound closes, intra- 
ocular pressure rises, the anterior chamber reforms but choroidal separation 
may persist for weeks afterwards ...This proves that fluid has been squeezed 
out of the vitreous. Gradually the intraocular pressure forces the transudate out 
of the suprachoroidal space and forces it to become absorbed ... This proves 
that under normal conditions the intraocular pressure is higher than that in the 
choroid. Since the retina remains in contact with the choroid during this low 
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tension period it proves that the transudation is always towards the scleral side 
rather than the retinal side.” 

Verhoeff in his commentary on O’Brien’s”® original article raised the inter- 
esting question as to why separation of the choroid did not always occur when 
the intraocular pressure was reduced and felt that the answer lay to some degree 
in the compressability of the vitreous. “Obviously,” said Verhoeff, “if the 
vitreous offered sufficient resistance to compression, extensive separation of 
the choroid could not occur.” 

Duke Elder’? mentions only faulty wound closure as the cause of choroidal 
detachment and does not indulge in any theorization as to the mechanism. 

Stallard** was partial to the original Fuchs theory of separation of the ciliary 
body with posterior percolation of the aqueous. 

Pau”’ stated that detachment of the choroid is not caused by free fluid but is 
due to an edematous thickening of the choroid which he referred to as ‘“‘spongiosis 
choroideae.”’ 

It is interesting that by 1944 Spaeth and DeLong* had claimed that hypotony 
was insufficient to produce choroidal detachment, that surgical trauma in ad- 
dition was necessary. These observations are all the more astute since they were 
based completely on clinical observation. Spaeth, however, stated that the term 
“choroidal detachment” was incorrect and that a massive edema of the choroid 
or “hydrops choroidieae” was the result of the surgical trauma and hypotony 
rather than a true choroidal detachment. Spaeth stated that true choroidal 
detachment occurred only from a spreading hemorrhage. 

The subject of the location of the transudate is also one which as yet remains 
incompletely resolved. There are many times in the course of performing a 
posterior sclerotomy when fluid will gush forth as soon as the sclera is completely 
cut through and there are other times when it is absolutely necessary to nick 
the choroid in order to obtain fluid. It would appear that the transudate is 
sometimes located in the epichoroidal space and other times only within the 
edematous choroid itself. Chandler® feels that this is only of academic interest. 

Villaseca*? is of the opinion that choroidal detachment in late cases is some- 
times caused by vitreous traction at the base of the vitreous in the area of the 
pars plana. The prolapse of the vitreous into the anterior chamber drags on the 
basal origin and carries with it the choroidal tissue without disturbing the 
retinal tissue since its origin is in front of the ora serrata. Those cases which do 
not herniate are instances of good elasticity of the hyaline membrane and 
vitreous fibrils with less traction transmitted and so no detachment. Villaseca 
feels that the consistency and volume of the vitreous is of great importance in 
this matter. 

In a recent article Velzeboer** stated that prolonged leakage of the anterior 
chamber caused the vitreous to exude fluid. It is this decrease of vitreous volume 
which causes a negative pressure in the globe, which in turn causes congestion 
of the ciliary vessels, and in the presence of a rigid sclera transudation from the 
ciliary vessels. 

This opinion of Velzeboer’s is the direct antithesis of Verhoeff’s concept since 




















SEROUS CHOROIDAL DETACHMENT 399 


Verhoeff® feels that the fluid is squeezed out of the vitreous by the choroidal 
detachment. 

It is interesting that as late as 1949, Francis Csillag® still felt that the onset 
of choroidal detachment was influenced by the type of incision, the method of 
traction and the auxilliary manipulation applied. He also felt that the supra- 
choroidal space was opened by the incision and that communication existed 
between the space and the anterior chamber, thus accounting for detachments 
in relation to a flat anterior chamber. 

Since most cases of choroidal detachment of a serous etiology follow cataract 
or glaucoma surgery, one must consider the relationship of the flat anterior 
chamber to the choroidal detachment. 

Chandler’ states that ‘choroidal detachment is an almost constant accompani- 
ment of a persisting flat anterior chamber. It may be slight or massive; it may 
exist without a flat anterior chamber. It is generally accepted that wound leak is 
responsible for such a delayed reformation of the anterior chamber. There are 
cases, however, where no leak can be demonstrated.” 

In a personal communication recently, Chandler* has stated that he feels the 
mechanism is the same whether the detachment is small or massive. He feels 
that separation of the ciliary body and usually of the choroid is present in every 
intraocular surgical case whether it can be seen or not. He feels that a cyclo- 
dialysis cleft may be created at the time of surgery which may close spontane- 
ously as the chamber reforms so that whatever small degree of choroidal! sepa- 
ration is present rapidly disappears and is thus never noted. If this is so, the 
entire cycle must be rapid since Scheie** has reported reformation of the anterior 
chamber in most cases by the time he redressed cases within eight hours post- 
operatively. 

Maumenee® in collaboration with Chandler has recently presented some 
very interesting findings concerning the relationship between hypofunction, 
flat anterior chamber and serous choroidal detachment. In this paper they have 
suggested that hypotony is due to hyposecretion of aqueous caused by detach- 
ment of the anterior portion of the ciliary body which possibly produces edema 
of the ciliary processes with transudation of fluid. The flat anterior chamber 
would then be the result of the hypofunction of aqueous production. They have 
noted that in a series of cases, microscopic examination of eyes with persistent 
hypotony following severe contusion of the globe, that there was separation of 
the ciliary body in all cases up to the scleral spur. These workers have injected 
fluorescein into the anterior chamber of hypotonic eyes following surgery and 
obtained fluid stained with fluorescein 180 degrees away from the area of the 
original surgery through an incision 2 mm. behind the limbus. They, therefore, 
conclude that such eyes have a complete circumferential separation of the 
ciliary body. If this is so, choroidal separation is the result of the combination 
of surgery and hypotony, the hypotony being caused by separation of the ciliary 
body which in turn is unable to manufacture aqueous because of the edema 
of the ciliary processes caused by this detached state. This could well account 
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for those cases of flat chamber, hypotony and choroidal detachment where no 
obvious wound leak is present. 

It is extremely interesting that in some cases of flat anterior chamber after 
cataract surgery that these authors having injected fluorescein into the anterior 
chamber, were able to recover the fluorescein 180 degrees away in the supra- 
choroidal space. This would seem to indicate that there might be validity to 
the original concept of Fuchs that a cleft was present between the anterior 
chamber and the suprachoroidal space permitting backward percolation of the 
aqueous. It is doubtful, however, if this is the usual cause of choroidal de- 
tachment. 

Dunnington® in a personal communication feels that delayed detachments 
are all the result of wound leaks basically and that the combination of the 
leakage plus the underproduction of aqueous causes ciliary body detachment 
with transudation of fluid followed by the detachment of the choroid. 

Kronfeld’® stated that marked hypotony without gross leak of the operative 
wound permitted only two interpretations: (1) failure of the fluid-producing 
apparatus; (2) fluid loss through channels or mechanisms operative in the 
posterior segment of the eye. 

In a personal communication”® he has stated that the loss of fluid from the 
eye during the first few postoperative days, plus the operative trauma to the 
ciliary body is so great that the ciliary body sometimes just quits working! 
Because this fluid production is then so low, the anterior chamber is flat whether 
a wound leak is present or not. He feels that with prolonged hypotony where 
the pressure in the choroidal vessels is greater than the colloid osmotic pressure, 
a transudation forms. He does not know why the ciliary body starts to function 
again with restoration of normal pressure. 

He noted that the vitreous during this entire phenomenon plays only a very 
passive role and feels that the whole train of events occurs characteristically 
in older people in whom part of the vitreous is liquefied and which offers no 
resistance to the detaching choroid! The answer as to what makes the ciliary 
body start to function again probably is to be found in the nature of the blood 
vessel supply to the ciliary processes. The severe edema of the processes probably 
prevents arterial blood from getting to the portion of the process which manu- 
factures aqueous and until the pressure is released the venous engorgement 
continues to permit loss of fluid from the vessels from the venous side. Then, 
once the fluid is removed, there is a chance for the ciliary body to function 
again, fluid is produced, the anterior chamber reformed, and a normal cycle 
present again. 

It is important to note that reattachment of such a detachment by posterior 
sclerotomy produces increase in ciliary body fluid production, a normal anterior 
chamber and no recurrence of the choroidal detachment. 

The sequence of events of immediate and delayed choroidal detachment, 
therefore, would seem to be: (1) wound leak; (2) ciliary body detachment due 
to edema, possibly trauma, and hypotony, which in itself is due to the leaking 
wound; (3) poor aqueous production both because of the ciliary body detach- 
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ment and the edema; (4) flat anterior chamber because of the would leak and/or 
because of the poor production of aqueous by the ciliary body because of all 
of the above; (5) choroidal detachment which follows all of the above and is 
the result, not the cause, of this sequence of events; (6) re-attachment of the 
ciliary body either by posterior sclerotomy, release of fluid or by unknown 
readjustment of intraocular pressure; (7) decrease of ciliary body edema; (8) 
production of aqueous; (9) reformation of the anterior chamber; (10) disap- 
pearance of the choroidal detachment as (11) the vitreous adsorbs water. 

Experimental work prior to the past 10 years was limited primarily to that 
of Meesman and Frouminopoulas,'‘ both writing in foreign languages with no 
available English translations. They demonstrated choroidal detachment in the 
absence of high intraocular pressure by means of a persistent corneal fistula, 
which resulted in hypotony and choroidal exudation. 

The most interesting experimental investigation to be undertaken in an 
effort to study the mechanism of production of choroidal detachment is that 
of Capper and Leopold‘ and is of sufficient interest to quote from their article. 

“Most students of this condition have previously assumed that the eye 
made hypotonic by surgery was the prime etiologic factor in the production of 
choroidal detachment.” These investigators, therefore, took one series of rabbit 
eyes, which were made hypotonic by means of a corneal fistula, great care 
being taken not to traumatize the sclera so that hypotony and a flat anterior 
chamber would be the only factors present. 

The second group of rabbits were subjected only to scleral trauma. The 
scleral trauma varied but no complete cut through was affected. Some were 
scratched, some had partial incisions, and some had sutures placed, the scleral 
incision usually occupying 180° of the upper globe. 

The third combined the two conditions of scleral trauma and hypotony and 
the flat anterior chamber. The results are extremely interesting. No choroidal 
detachment was seen in 15 normal eyes. None of the eyes subjected to trauma 
alone showed a serous choroidal detachment and only 5 per cent of the eyes 
subjected to hypotony showed the complication. However, some 83 per cent 
of the eyes that were both traumatized and hypotonized developed choroidal 
detachment. The study is quite important in that it has proved that hypotony 
alone is an insufficient factor to produce choroidal detachment and that it 
requires both trauma and hypotony in order to effect this complication. It is 
of great interest that Spaeth and DeLong came to the same conclusion 12 
years before on a purely clinical basis. 

Capper and Leopold’s explanation is of such a nature that it is not easily 
summarized and is therefore quoted in full from their work. 





As elsewhere in the body, there are three forces of pressure to be considered: 
1. The tissue pressure, or the intraocular pressure, is one of the three forces affecting 
the choroidal coat. In this discussion we shall employ an intraocular pressure of 25 mm. 
of mercury (Schigtz) as the normal tissue pressure exerted upon the choroidal vessels. 
This force tends to act against transudation of fluid from the vessels. 
2. The second pressure factor influencing the ocular tissues is the intravascular pres- 
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sure, or blood pressure. Since transudation occurs chiefly at a capillary level, we shall 
limit the discussion to the choroidal capillaries, but not necessarily the choriocapillaris, 
Although the actual intraocular capillary blood pressure has never been determined, an 
arterial capillary blood pressure of 32 mm. of mercury and a venous capillary blood pres- 
sure of 12 mm. of mercury are generally accepted (Adler). This force tends to cause 
transudation from the choroidal capillaries into the tissues. 

3. The last intraocular force to be considered is the oncotic pressure, or colloid osmotic 
pressure. This is an osmotic force exerted by the protein colloids of the plasma and tends 
to draw fluid from the tissues into the vascular tree. The oncotic force is especially active 
at the venous end of the capillaries, where the plasma is more concentrated in colloids. 

To recapitulate: The intraocular pressure, the intracapillary blood pressure, and the 
oncotic pressure are in equilibrium in the normal eye. By analyzing each experiment in 
turn, it can be shown how one or more of these forces is altered and allows for transuda- 
tion of fluid in the suprachoroidal space, giving rise to serous choroidal detachment. 

By adding the forces tending to increase transudation and comparing the result with 
the sum total of forces counteracting the transudation, one arrives at a result indicating 
in which direction fluid will flow. This resultant force must be calculated at both the 
arterial and venous end of the system, and then the two are compared for an overall re- 
sult. Since fluid transudate from the arterial end of the capillary tends to reenter the 
vascular bed at the venous end without the aid of lymphatics (there are no lymphatic 
channels within the eye), the calculations are much simplified. Figure 1 is a diagrammatic 
representation of how the ocular pressure systems were altered in this series of experiments. 

As indicated in Table 1, in the normal eye, there is an intraocular pressure of 25 mm, 
of mercury acting to force fluid back into the arterial capillaries. This is opposed by the 
capillary blood pressure of 32 mm. of mercury tending to force fluids out of the arterial 
capillaries. There is, therefore, a pressure gradient of 7 mm. of mercury which causes 
extravasation of fluid at the arterial side of the capillaries. 
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ONCOTIC PRESSURE 
NORMAL (25-30 MMHG) 
TRAUMA (0-10 MM, HG) 
SCLERA HYPOTONY (30-40 MMHG) 
COMBINATION (10 MM, HG) 


! 


INTRAOCULAR PRESSURE 
RETINA NORMAL (25 MMHG) 
TRAUMA (25 MM HG) 
HYPOTONY (5-10 MMHG) 
COMBINATION (5-10 MMHG) 









Fig. 1. Distribution of the various pressures within the normal eye and how these were 
altered following (1) scleral trauma, (2) hypotony, and (3) a combination of scleral trauma 
and hypotony. 
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TABLE 1 


Resultant Forces Acting in the Normal Eye 
| | 
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At the venous side of the capillary bed, the intraocular pressure is still 25 mm. of mer- 
cury acting to keep fluids within the venous capillaries. The oncotic pressure also tends 
to keep the fluids within the capillary bed at the venous side. This is of the magnitude of 
25 mm. of mercury. The oncotic pressure acts chiefly at the venous end because of the 
concentration of plasma proteins which occurs when the water and crystalloids are forced 
out at the arterial side. There is therefore a total pressure of 50 mm. of mercury (the 
intraocular pressure and the oncotic pressure), which forces fluid back into the venous 
capillaries. Since the venous capillary blood pressure drops to 12 mm. of mercury, there 
is a pressure gradient of 38 mm. of mercury tending to draw fluid back into the venous 
capillaries. 

When the gradient of 7 mm. of mercury on the arterial capillary side forcing fluids out 
is compared with 38 mm. of mercury on the venous side tending to draw fluids back, 
there is a resultant force of 31 mm. of mercury drawing fluids back into the venous capil- 
lary bed. This allows for much fluctuation and variation, but still not permitting transu- 
date to accumulate within the suprachoroidal space of the normal rabbit eye. 

In the hypotonic eye the following alterations occur, and the resultant forces are cal- 
culated similarly to those changes that occur in the normal eye. In the hypotonic eye the 
intraocular pressure drops to 10 mm. of mercury, which is the only force counteracting 
extravasation of fluid at the arterial side of the capillaries. Opposing this is the arterial 
capillary blood pressure of 32 mm. of mercury. There is, therefore, a resultant pressure 
gradient of 22 mm. of mercury (32 mm. Hg minus 10 mm. Hg) causing extravasation of 
fluid at the arterial capillaries. 

At the venous capillary bed, the forces tending to draw fluid back into the vascular 
tree are the intraocular pressure of 10 mm. of mercury and an oncotic pressure of 35 mm. 
of mercury. Therefore, there is a resultant force of 45 mm. of mercury (10 mm. Hg plus 
35 mm. Hg) drawing fluid back into the venous capillaries. The large rise in oncotic pres- 
sure is due to the increased outflow of water and crystalloids at the arterial side, which is 
enhanced by the low intraocular pressure. Thus the colloids are greatly concentrated on 
the venous capillary side. The only force opposing the pressures causing an influx of 
fluid is the venous capillary blood pressure of 12 mm. of mercury. In the venous side there 
is, therefore, an over-all force of 33 mm. of mercury (45 mm. Hg minus 12 mm. Hg) 
causing an influx of fluid into the venous capillaries. 

When the outflow force of 22 mm. of mercury, on the arterial side, is compared with 
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TABLE 2 
Resultant Forces Acting in the Hypotonic Eye 
| | 
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TABLE 3 
Resultant Forces Acting in the Traumatized Eye 
Arterial Venous 
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causing extravasa- drawing fluid back 
tion of fluid into circulation 





the inflow tendency of 33 mm. of mercury, on the venous side, there is an over-all re- 
sultant pressure of 11 mm. of mercury (33 mm. Hg minus 22 mm. Hg) which draws 
fluid back into the vascular tree. Hence still no residual transudate occurs. 

In the surgically traumatized eye the intraocular pressure of 25 mm. of mercury keep- 
ing fluid within the arterial capillary bed is opposed by the capillary blood pressure of 
32 mm. of mercury. There results an over-all force of 7 mm. of mercury (82 mm. Hg 
minus 25 mm. Hg) causing outflow of fluid on the arterial capillary side. 

On the venous side the intraocular pressure of 25 mm. of mercury remains the same. 
However, the oncotic pressure drops to 10 mm. of mercury, as a result of the trauma to 
the capillaries of the choroidal coat. This allows the colloidal proteins to leak into the 
tissues; thus the oncotic pressure is reduced, especially at the venous side, where it exerts 
most of its effect. There is therefore an over-all effect of 35 mm. of mercury (25 mm. Hg 
plus 10 mm. Hg) forcing fluid into the venous capillaries. This is opposed by the venous 
capillary blood pressure of 12 mm. of mercury. The resultant of the forces on the venous 
side is 23 mm. of mercury (35 mm. Hg minus 12 mm. Hg) causing an influx of fluid. 

When the resultant forces at the arterial side of 7 mm. of mercury causing extravasa- 
tion are compared with those at the venous side of 23 mm. of mercury causing an influx 
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of fluid, the total resultant of all the forces is 16 mm. of mercury (23 mm. Hg minus 7 
mm. Hg). This resultant gradient of pressure acts to cause fluid to flow back into the 
venous capillaries. Here, again, it is demonstrated that no fluid will accumulate in the 
suprachoroidal space. 

In the eye surgically traumatized and made hypotonic the following results are calcu- 
lated: On the arterial side of the capillary bed the only force keeping fluids within the 
vascular tree is an intraocular pressure of 10 mm. of mercury. This is opposed by an 
arterial capillary blood pressure of 32 mm. of mercury. There is thus a calculated resultant 
force of 22 mm. of mercury (32 mm. Hg minus 10 mm. Hg) causing extravasation of fluid. 

On the venous side the forces acting are the intraocular pressure of 10 mm. of mercury 
and an oncotic pressure of 10 mm. of mercury. Again, the oncotic pressure is markedly 
reduced because of the traumatized capillaries. Thus, there is a total of 20 mm. of mercury 
acting to keep fluid within the vascular tree on the venous side. Opposing this is the venous 
capillary blood pressure of 12 mm. of mercury. On the venous side there is therefore a 
resultant force of 8 mm. of mercury (20 mm. Hg minus 12 mm. Hg) drawing fluid back 
into the capillary bed. 

Thus it can be seen that the total resultant pressure gradient would be 22 mm. of 
mercury from the arterial capillary bed causing extravasation as compared with 8 mm. 
of mercury from the venous capillary bed tending to oppose the extravasation. There 
would be an over-all resultant force of 14 mm. of mercury (22 mm. Hg minus 8 mm. Hg) 
producing transudation of fluid in the suprachoroidal space, hence serous choroidal de- 
tachment from this last experiment, and the calculation of its results, there is a reason- 
able indication of why serous choroidal detachment occurs so frequently in intraocular 
surgery. 


From a purely clinical point of view Posner?® has pointed out that there are 
immediate detachments, delayed detachments, and late detachments. The 
individual experiencing a choroidal detachment has no complaints referable 
to this condition which orient the physician to think along the lines concerning 
this situation. The ophthalmoscopic appearance is easily identifiable and re- 
quires only observation. Operative detachments which occur immediately 
postoperatively are usually flat and mostly peripheral. They can be observed, 


TABLE 4 
Resultant Forces Acting in the Eye Subjected to Both Surgical Trauma and Hypotony 
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according to O’Brien, as soon as the cornea and media are sufficiently transparent 
to permit ophthalmoscopic examination. This type of choroidal detachment is 
seen exclusively after lens extraction and glaucoma surgery, and is best ac- 
counted for by the explanation just detailed of Capper and Leopold.‘ This 
type of detachment is rarely noted, since few of us bother our cataract pa- 
tients for such observation. The appearance, however, is that of an elevated 
area or ar2as which appearsas a dark brownor grayish mass with smooth, rounded 
edges of a bullous nature extending into the vitreous with the convexity as a 
dark, curved, elevated line approaching toward the nerve head. The base of 
this lesion is obviously located in the anterior periphery. The immediate type 
can be seen with what appears to be a well closed wound and can occur without 
a flat anterior chamber. It must be remembered, however, that there has just 
been a very large wound leak—namely the 180° gaping incision in a cataract 
extraction, or the trephine hole in an antiglaucoma procedure. In the case of 
the cataract extraction, not only has the intraocular pressure been dropped 
to zero leaving an intravascular pressure higher than the intraocular pressure 
with the resultant choroidal and/or ciliary body detachment, but in the case 
of the cataract extraction a large space has been left void by the extraction. 
In this event both the anterior chamber and the patellar fossa must be refilled 
in order to restore equilibrium and the mechanism described by Leopold and 
Capper‘ would account under these circumstances for the immediate choroidal 
detachment. When good wound closure is obtained and the intraocular pressure 
rises, the detachment recedes promptly and the anterior chamber and patellar 
space are filled with either the transuded fluid or with aqueous from the ciliary 
body, which manages to function even though a part of it is partially detached. 
Obviously, the better the closure of the wound, the less chance of the immediate 
type persisting and becoming a delayed type, or of a strictly delayed type 
occurring. The prognosis of this type of detachment is excellent. The choroid 
usually re-attaches itself within a short period of time, assuming good closure 
of the corneal section. No treatment, therefore, is recommended and there is 
invariably no impairment of function. 

The delayed choroidal detachment clinically is more significant than the 
immediate type. These are the detachments which occur some days after cataract 
extraction and which are allegedly due at times to delayed healing of the wound 
or subsequent rupture of the wound. In the presence of a leaking wound, the 
anterior chamber becomes progressively flatter and the choroidal detachment 
increases in size; the eyeball remains abnormally soft. This type of detachment 
is usually noted approximately 3 to 7 days after surgery and is always to be 
found after the anterior chamber has been formed for a number of days and 
then suddenly becomes shallow. These cases are either the result of some added 
trauma or of a leak along some portion of the wound or due to severe hyposecre- 
tion of the ciliary body with ciliary body detachment and edema. These eleva- 
tions can be multiple and can involve all four quadrants, and can even impinge 
upon the nerve head and macula at times leaving only a tubular zone of red 
reflex and even sometimes leaving no red reflex at all. Where there are multiple 
detachments, the elevations are separated by clefts with dark walls. 
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An interesting article by H. Walter Forster, Jr.'* has detailed the case of a 
49-year-old man with a cataract who developed a delayed choroidal detachment 
and at one point lost all light perception with no red reflex visible on ophthal- 
moscopic examination. The patient was treated by posterior sclerotomy with 
air injection and eventually had a good result. At the conclusion of his article 
Forster raised some interesting questions: (1) “Is it possible that retina over- 
lying a choroidal detachment loses its function temporarily?” Because of the 
obvious difficulties in a case of this nature, visual fields were not recorded but it 
has been stated by Algernon Reese that temporary field defects can very def- 
initely be present with a choroidal detachment. (2) Forster questioned the 
fate of the vitreous in this type of detachment, having noted that the individual’s 
anterior chamber was full of vitreous but agreeing that the total volume of 
vitreous could not possibly be present in the anterior chamber. Yet the choroidal 
detachments were so ballooned out that they touched each other completely. 
He wondered how it was possible for a decrease in the total volume of the vitreous 
to be present with a massive choroidal detachment and yet have the volume of 
the globe remain the same. 

McDonald” in a personal communication is in agreement with Verhoeff*® that 
fluid squeezed out of the vitreous is adsorbed by whatever channels adsorb 
vitreous under normal conditions and that the fluid in the suprachoroidal space 
is a separate entity, the result of the transudation of fluid from the choroidal 
veins as explained on the basis of Capper and Leopold’s‘ work. This indicates 
that there are two separate mechanisms at work here. At such time as the fluid 
in the suprachoroidal space is released or adsorbs, the fluid is manufactured by 
the ciliary processes and is adsorbed by the vitreous like a sponge until it reaches 
its normal content. This can take place only as slowly or rapidly as the transudate 
in the suprachoroidal space is removed. This would, therefore, seem to be another 
justification for posterior sclerotomy and air injection, since ciliary body function 
improves rapidly after this is accomplished. 

As regards the vitreous in all of this, Kronfeld*° is of the opinion that it plays a 
very passive role, although he states that in older patients it is almost invariably 
somewhat liquefied anyway. He has felt that the ciliary body furnishes fluid for 
the vitreous but that under normal circumstances this is a small amount. 

Chandler feels that when the choroid is separated and fluid squeezed from the 
vitreous, that this fluid simply goes into the aqueous and that the vitreous 
simply adsorbs fluid when it has a chance to after posterior sclerotomy or when 
the choroid spontaneously reattaches. 

The subject of really late choroidal detachment is a truly fascinating one, 
about which even less has been written. It is usually the result of some type of 
injury to the vitreous body, such as retinal detachment or surgery for retinal 
detachment, or surgery to the vitreous or loss of vitreous, whatever the condition 
may have been. If the lens is intact, it seems to recede and the eye becomes 
hypotonic. On the other hand, those cases where the lens has been removed, 
vitreous herniation as propounded by Villaseca‘? may account for such de- 
tachment with a deep anterior chamber. It is of course difficult to know what 
part old uveal lesions may play in such cases, since such pathology may not be 
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recognizable preoperatively in view of the cataractous lens blocking the fundus 
view prior to the surgical procedure. Fortunately, late detachments are fairly 
uncommon since the consequences may be of a serious nature. 

There are a few case reports in the English literature which are of interest. 
Parker?’ in the British Journal of Ophthalmology in 1946 reported bilateral 
detachment of the choroid of unusual duration following corneoscleral trephine, 
in which he related a case having a complete iridectomy and suffering a per- 
sistent choroidal detachment for 1 year before spontaneous adsorption took 
place. The second eye had a peripheral iridectomy done with a choroidal de- 
tachment which lasted 6 months. Both of these cases, however, had shallow 
anterior chambers. The most interesting feature in this case is the fact that 
field studies were done, showing a very definitive increase in the field defect as 
compared to the defect of glaucoma, which would tend to prove that you can 
get some retinal involvement during a choroidal detachment, which of course 
would account for the field defect. However, when the choroid is back in place, 
this field defect does seem to disappear, showing viability of retina not inter- 
fered with. 

The only other mention of field defects with choroidal detachment was by 
Reese* in a discussion of O’Brien’s* original paper in 1935, in which he claimed 
at that time that there was an absolute field defect in the area of a choroidal 
detachment. 

It was the feeling of Parker, incidentally, that no attempt should be made to 
close the surgical area as once advocated by Bothman and Blaess?: * who had 
suggested the use of a superior rectus transplant to close the leaking wound, 
since this would probably once again raise the intraocular pressure. It would 
seem, therefore, that this type of choroidal detachment should be unattacked 
surgically regardless of the period of time involved. 

An article by Derby” in the transactions of the American Ophthalmologic 
Society for 1930 entitled “Very Late Post-Operative Choroidal Detachment” 
was also reported. Derby noted that only a few cases of this nature had ever 
been in the literature and it was therefore considered rather rare. This case 
report was of a patient with a corneoscleral trephine who developed choroidal 
detachment 8 months later. In 6 weeks reattachment took place and the eye 
never had any further difficulty. 

To complete this discussion it must be remembered that there are some very 
obtuse causes of choroidal edema, the relationship of which is even less clear than 
the previous types mentioned. Thus choroidal detachment has been reported to 
coincide with orbital cellulitis, intraocular foreign body, tononitis, scleritis, 
certain systemic diseases and last but not least spontaneously. 

Valdemar Hurtz," in the most complete summary of this subject, published as 
the supplement No. 41 of Acta Ophthalmologica in 1954, collected 90 cases in the 
literature of spontaneous choroidal detachment, 37 of which had no retinal de- 
tachment and which included such uncommon etiological factors as scleral 
staphalomas, tenonitis, chronic diarrhea, following cryotherapy, etc. 

Recently Mathers and Moodie” writing in the British Journal of Ophthal- 
mology in July 1955, reported a spontaneous case of a man who not only had a 
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spontaneous edema coincident with a pansinusitis on the same side but who 
suffered a recurrence of the same type following a mild blow to the same eye 
some years later. This 63-year-old man had pansinusitis on the right side and had 
a right antral puncture for this reason, revealing considerable fluid level in the 
right antrum with the drainage of much profuse mucopurulent material. This 
individual had noted pain in the right eye following recurrent antral punctures 
and approximately 14 days after the first symptoms of his sinus difficulties and 
the punctures, he noted some impairment in the field of vision of the right eye. 

Examination at the time showed a large globular detachment of the choroid 
on each side leaving a deep cleft in between them. This individual was seen by 
H. M. Traquair at the time, who stated “that the detachment of the choroid 
was related to antral disease but I would not like to state how.” The choroid 
detachment was present for seven months thereafter. The patient had 20/20 
vision during this entire time. After this period of time of 7 months, the de- 
tachment completely subsided and the field of vision regained essentially normal 
limits. (This individual was a surgeon and able to carry on his work during the 
entire period of time.) 

A further recurrence took place some 5 years later and again required 8 months 
to recede. During these attacks the anterior chamber was a bit shallower than 
normal and the tension lower than in the opposite good eye. This individual still 
has 20/20 vision and a normal field and presumably no further recurrence. 

Ziporkes“ reported a mixed tumor of the lacrimal gland before the New York 
Academy of Medicine in 1936 in the case of a 40-year-old woman with ptosis of 
the right eye of 7 months duration and a mass in the orbit to the inner side of 
the lacrimal gland, which extended nasally and backwards. The fundus exami- 
nation showed seven or eight parallel folds of the retina extending from the 
temporal side of the disk to the periphery and concentric with the disk. These 
resembled the white stria of retinitis seen in detached retina which has become 
reattached. In addition, in the extreme upper temporal portion of the periphery 
there was a choroidal detachment which was thought to be a tumor. The lacrimal 
tumor was removed, following which the folds in the retina and the choroidal 
detachment disappeared in eight weeks. 

Along this line Dr. Arnold Knapp” reported a tumor of the orbit causing 
pressure symptoms on the eyeball in the Archives of Ophthalmology for June 
1929, and referred to a patient with a cavernous angioma of the orbit which was 
easily removed with a Kronlein incision. The choroidal detachment which had 
been noted prior to surgery disappeared following the surgical removal of the 
orbital mass. 

Verhoeff and Waite*! reported the case of an individual with chronic diarrhea 
who had approximately ten bowel movements daily from the time he was 49 
years of age until he died at age 66, who developed a choroidal detachment and 
which eye was obtained for microscopic section, although no autopsy was per- 
mitted to find out why the patient had diarrhea for seventeen years. Dr. Verhoeff 
felt that the choroidal detachment was due to changes in the osmotic properties 
in the blood, which also would account for the chronic diarrhea. 

McDonald” feels that approximately 5 per cent of retinal detachments show 
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choroidal detachment postoperatively. He feels this is due to scleral trauma 
and hypotony as in intraocular surgery. He does not feel that it is of importance 
other than the knowledge of such a possibility existing must be kept in mind so 
as not to confuse it with recurring or further retinal detachment so as to prevent 
further unnecessary surgery. 

Opposed to this conservative figure is the personal communication from 
Schepens** who feels that serous choroidal detachment following retinal de- 
tachment surgery is quite frequent, and quotes a figure of 60 to 80 per cent of 
all cases. It is his impression that a most important factor in the production of 
the phenomenon is the acute hypotony of the globe at the time of perforation of 
the globe for release of subretinal fluid. He feels that only a small percentage of 
of cases exhibit a detachment coincident with the retinal detachment pre- 
operatively. The mechanism for this he feels is still a matter of speculation. 


DIFFERENTIAL DIAGNOSIS 


Differential diagnosis of course is important and should be essentially re- 
quired to rule out serous retinal detachment, intraocular tumor and subchoroidal 
hemorrhage. Differentiation from serous retinal detachment is not difficult since 
the choroidal detachment has a more solid appearance, a smooth surface and the 
normal retinal vessels course over the area with their color unchanged. The 
absence of waviness together with the history of surgery, plus the normal ap- 
pearance of the retinal vessels is usually sufficient to differentiate this lesion 
from retinal detachment. It is characteristic of choroidal detachment that it is 
motionless and as a rule the location is fairly far anteriorly. The color is different 
from that of a retinal detachment and no hole is found in a choroidal detachment 
as compared to a retinal detachment. 

Differentiation from a solid mass is difficult at times, as witness the many eyes 
which have been enucleated following cataract surgery with the thought that a 
malignant melanoma was present. Transillumination should be of value but, 
although always positive perhaps for a mass, sometimes appears to be positive 
for a serous choroidal detachment and consequently cannot be utilized. P* 
studies, if the elevation is sufficiently anterior, can of course afford a differenti- 
ation between a solid mass and a choroidal detachment. One must, however, be 
on guard since it is possible for a mass to have existed behind a cataractous lens 
and be undiagnosed prior to a surgical procedure. However, the history of 
surgery, flat anterior chamber and the appearance of the elevation should be 
sufficient to differentiate this lesion from an ocular mass. Subchoroidal hemor- 
rhage is more likely to follow a traumatic episode than is a simple serous choroidal 
elevation. Theoretically transillumination of a choroidal detachment should 
produce an exaggerated reflex over the sclera and over the detached area 
(Hagen’s sign), whereas transillumination over a solid mass would not permit 
passage of light. 

In differentiation between a sub-choroidal hemorrhage and a serous choroidal 
detachment, Samuels states that transudation is confined to the normal limits 
of the peri-choroidal space in serous detachment, while a hemorrhage may 
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undermine as far as the optic nerve. He also notes that eyes showing hemorrhage 
under the choroid are invariably hard, while hypotony is invariably associated 
with a serous choroidal detachment. 

Samuel,*? in discussing Vail’s*’ article (in the Transactions of the American 
Ophthalmological Society in 1937), also noted that nonexpulsive hemorrhage 
does not take place at the time of surgery but may take place hours later. In this 
respect it differs from serous choroidal detachment, since the serous detachment 
occurs slowly because the transudate takes a much longer time to accumulate 
than a hemorrhage does. 

One thing that must be remembered in the course of regression of the choroidal 
detachment is the remarkable resemblance to retinal detachment when the 
choroidal edema is about 50 per cent adsorbed. If the lesion should be noted for 
the first time at this stage, it could easily be mistaken for a retinal detachment 
except for the fact that there is no tear to be noted. Here again the history of 
recent surgery should be of value in differentiating these conditions. Intraocular 
pressure measurements should be taken, although certainly not all intraocular 
tumors will present an elevated intraocular pressure as compared to the hypotony 
associated with choroidal detachment. 


COMPLICATIONS 


Complications noted with choroidal detachment are basically produced from 
either the prolonged hypotony or as the result of the secondary glaucoma due 
to peripheral anterior synechia which are secondary to the prolonged loss of the 
anterior chamber. However, Verhoeff*® has noted pigmented streaks which 
follow choroidal detachment. These streaks are black, have a granular appear- 
ance, are of various lengths and quite numerous. Mostly they are seen in the 
periphery of the fundus. In the region of the streaks the fundus may show pale 
areas and scattered pigment dots. They are permanent and produce no change 
in visual acuity. Most of them are meridianal in nature but a few are also circular 
in their origin. 

Prior to Verhoeff’s studies they were said to be caused by folds in the choroid 
or due to proliferation of pigment epithelium. Verhoeff’s explanation is that 
separation of the choroid is due to the fact that the pressure in the vitreous has 
become less temporarily than that in the perichoroidal space. When the choroid 
separates the retina goes with it. These structures are compressed into a smaller 
space than they usually occupy. The outer parts of choroid being relatively 
soft yield to the compression without folding but Bruch’s membrane and the 
inner surface of the retina are forced into rounded folds associated with the 
outward creases, since these tissues are more firm in structure. As a consequence, 
when the choroid is re-applied to the sclera, it stretches to its original dimension 
and all the folds and creases disappear. Then, when the retina smooths out, the 
pigment cells that have accumulated in some of the creases are lifted up and 
form ridges on the surface of the choroid. The reason they are not seen near the 
disk is because of the better attachment of the choroid in this area. These 
lesions must be differentiated from angioid streaks and siegrist dots. 
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Angioid streaks are frequently associated with pseudoxanthoma elasticum or 
Paget’s disease or both. It is usually bilateral and is frequently accompanied 
not only by the streaks which are mostly around the nerve head, but also by 
macular hemorrhagic and degenerative changes. 

Siegrist dots consist of clumps of pigment located along prominently sclerosed 
choroidal vessels which appear in chain formation much as a line of streptococci 
which are mostly noted peripherally in hypertensive, arteriosclerotic, renally 
involved individuals and in whom the visual acuity is usually good. The macula 
is not involved. 


TREATMENT 


In the consideration of the treatment of choroidal detachment, insufficient 
stress has been placed upon the fact that serious ocular secondary pathology 
may at times follow this condition. Low-grade uveitis, peripheral anterior 
synechia, degenerative changes of the choroid and retina, secondary hemorrhage 
and secondary glaucoma with eventual blindness can all take place if the compli- 
cating choroidal detachment is persistent for too long a period of time. 

Previous concepts of therapy have been rather devoid of serious thought 
based upon the idea that all choroidal detachments become reattached in any 
event. Berens advised keeping the patient in bed; Elliot'* suggested getting 
the patient out of bed. Parsons‘ dismissed the subject by stating ‘Most patients 
get well without treatment.” Verhoeff*® was the first to suggest draining the 
accumulated fluid from the perichoroidal space, while Spaeth felt that no such 
second trauma was required and has stated that in time all choroidal detach- 
ments will reattach since the condition is essentially only a choroidal edema in 
any event. Rycroft*! suggested not waiting more than 7 days. Duke Elder” felt 
that after 3 months maybe something should be done about the matter. 

Treatment of the immediate type of serous choroidal detachment is not re- 
quired, since with the readjustment of the intraocular pressure mechanism, 
choroidal edema subsides fairly rapidly. This assumes good wound closure. 

Treatment of the delayed serous choroidal detachment may be divided into 
medical and surgical and there is divided thought concerning the value of each 
type of therapy. Those individuals who are inclined to be antisurgical feel that 
the advisability of producing a second trauma to an already traumatized eye is 
unnecessary, feeling that the detachment will regress with time. The use of 
strong miotics such as diisopropyl! fluorophosphate, or of ordinary miotics such 
as 2 to 4 per cent pilocarpine has been advocated along with the use of Diamox 
and urea, although there is some question as to the value of systemic diuretics. 
Locally, it seems inadvisable to utilize atropine or atropine-like drugs, since this 
agent seems to prolong the time required for the choroidal detachment to regress. 
It is urgent before indulging in surgical treatment that one first examine the 
wound carefully and determine whether or not there is an area of poor wound 
healing or of an actual leak, whether microscopic or macroscopic. If found, the 
area can be (a) cauterized; (b) resutured; or (c) in the case of a trephine opening, 
covered with a piece of superior rectus tendon which is transplanted over the 
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opening as recommended by Bothman® after Magitot. These procedures in eyes 
that have been operated on for glaucoma could of course produce a rise in intra- 
ocular pressure, which would be highly undesirable since the original procedure 
was done to combat ocular hypertension in the first place. It seems advisable 
to also consider the status of the cornea and the depth of the anterior chamber. 
If an obvious wound dehiscence is to be found, the patient should be returned 
as soon as this is discovered and the wound resutured. If no overt, leaking area 
can be noted, it is advisable to remove sutures in cataract cases after 8 to 10 
days, since the wound leak may be along the suture tract if the suture was too 
deeply placed. The chamber will frequently reform within 24 to 48 hours after 
removal of sutures and no further surgery will be required. It is likewise advisable 
to procrastinate, providing the cornea remains clear and some semblance of 
anterior chamber is present on slit-lamp examination. If, however, following 
suture removal, the anterior chamber continues to be totally flat after 48 hours, 
then posterior sclerotomy and air injection seem advisable but great care must 
be taken not to rupture the incision which is no longer protected by sutures. 
Some further resuturing of the wound may be advisable at this time. 

Kronfeld®® and Chandler‘ for the past 10 or 15 years have been the champions 
of the surgical approach and have advocated the injection of air into the anterior 
chamber following posterior sclerotomy over the area of the choroidal detach- 
ment. Probably the best summary of this subject can be found in Fasanella’s 
“Complications of Ocular Surgery” in the discussion by McDonald*‘ of the 
subject ‘Post-operative Complications of Cataract Surgery.”” McDonald feels 
that shallow anterior chambers caused by wound leak should be resutured after 
no more than 4 days and the anterior chamber filled with air or saline. Those 
cases where there is no wound leak but where a flat anterior chamber and cho- 
roidal detachment is present, surgery may be avoided for a bit longer time. 
However, if the flat anterior chamber persists after a week, the surgical ap- 
proach seems justified. The scleral wound should be placed 8 to 10 mm. behind 
the limbus over the area of the greatest elevation. If the extraction were extra- 
capsular and no clear fundus can be obtained, the most frequent site is the 
inferior temporal quadrant and the second most frequent site is the inferior 
nasal quadrant. If one is attempted and a dry tap obtained, the scleral wound 
may be sutured and the other side attacked. Air or saline injection into the 
anterior chamber without obtaining fluid from the suprachoroidal space is 
dangerous and may cause iris prolapse or wound rupture. When the fluid is 
obtained, air should be injected into the anterior chamber through a preplaced 
tract and the scleral wound left unsutured. McDonald has personally quoted a 
case that was done after only 10 days postoperatively with posterior sclerotomy 
and air injection and even then at a later date the angle was completely closed 
on gonioscopy and a cyclodialysis was required. 

Late choroidal detachment seems to require no surgical intervention and 
would appear to respond to appropriate therapy and relief of the primary 
etiological factor. 
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Therapeutic Column 





Therapeutic changes, new drugs and new approaches to old 
therapy come about very quickly in present-day medicine. There 
has been a demand on the part of ophthalmologists for acquisition 
of new therapeutic knowledge as quickly as possible. It is with this 
in mind that a strictly “Therapeutic Column” has been introduced 
into the Survey. This journal will continue to comment on im- 
portant articles that are being written in the world’s literature 
today. This column will take on the task of trying to shorten the 
time between the advent of new drugs, their evaluation and 
possible contribution to ophthalmic problems, and their final wide- 
spread presentation throughout the ophthalmological world. This 
tremendous task has been assumed by Dr. Dan M. Gordon. 

Irvine H. Leoro.p 


SUBJUNCTIVALLY INJECTED STEROIDS 


Dan M. Gorpon 


New York Hospital-Cornell University Medical Center, 441 East 68th Street, 
New York City 21, New York 


Subconjunctivally injected steroids are valuable in the management of certain 
intraocular diseases, especially inflammations. The chief indications for the use 
of steroids by this route are: 

1. Intraocular inflammations which can be controlled by these injections 
alone; 

2. Supplementation of systemic corticosteroid therapy, especially under the 
following circumstances: when sole reliance upon systemic therapy endangers 
the well being of the patient; in the worst eye, when one eye is more severely 
involved than the other; as initial, as well as follow up therapy in macular 
inflammations; and in chorioretinitis juxtapapilluris, which, in the author’s 
hands, has proved especially responsive to subconjunctival injections; 

3. In patients who cannot be trusted to take their medication; 

4. Where systemic therapy is indicated, but considered too expensive; 

5. At time of surgery in a uveitic or previously uveitic eye to reduce the 
amount of systemic steroids required and to prevent flareups; 

6. At time of filtering surgery, when delayed reformation of the anterior 
chamber may normally be expected, and it is desired to avoid anterior and 
posterior synechiae formation; 
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7. When one is hesitant to use steroids systemically and wishes to test the 
effect of these agents in the intraocular disease; 

8. In macular disease, when one wishes to dispel edema. 

The technique is simple. The author has given several thousands. I do not 
warn the patient of the first injection and keep the syringe out of sight. Teen- 
agers are excellent subjects. The eye is first anesthetized with three drops of 
topical anesthetic over a 5- or preferably a 10-minute period. A drop of a decon- 
gestant, such as phenylephrine, shrinks the engorged conjunctival vessels in the 
area of the injection. Following this, the patient is instructed to look down, the 
upper lid is elevated with the left thumb if the physician is right handed, and 
the conjunctiva high up at 12:00 o’clock picked up with the point of a 25 gauge 
54” needle. The needle is quickly forced through the conjunctiva and tenon’s 
capsule, and the steroid injected rapidly. All injections are given as high up 
under the upper lid, as possible, except at surgery or when the patient has 
received so many injections that it is difficult to find a site above. In these two 
situations the injections are usually made at 6:00 o’clock away from the in- 
cisional site. They seem more effective when made under tenon’s capsule. 

There is rarely any marked discomfort from the injection. When there is, wet 
heat is applied to the closed eye, in the office. All patients are instructed to 
employ this at home three times daily for 2 to 3 days. Aspirin is used for dis- 
comfort. Occasionally an apprehensive patient refuses further injections because 
of the “terrible pain,” suffered previously. I have yet to find such a patient in 
whom \% ce. of my best available placebo combined with verbal assurance of 
the completely infallible effects of this subcutaneous injection, fails to prevent 
further such incidents. 

Many patients have had between 25 to 75 such injections in a single eye. 
One patient had a local abscess following a number of injections. This was 
incised and drained without further incident. Several have had a very transient 
ptosis. Minor subconjunctival hemorrhages may occur, although these are obvi- 
ated by a preceding drop of a decongestant. 

The author finds % ce. of either 244 per cent (124% mg.) or of 5 per cent 
(25 mg.) cortisone efficient for this purpose. Cortisone, 1 cc. of 244 per cent, 
often causes a marked local reaction, in contrast to 4% ec. of the 5 per cent 
suspension; possibly due to its greater volume. Suspensions are longer-lasting 
than solutions. Some manufacturers’ preparations are more painful than others 
because of the diluent. Depot preparations of 6 methyl prednisolone (1% cc.) 
are also effective. It is my impression that when many injections (10 or more) 
are employed, depot steroids seem to cause insignificant local reaction, possibly 
because of the longer acting diluents. I have not found this reaction harmful. 
The frequency of injections depends upon the response of the disease. Usually, 
they are given every 7 to 14 days. When both eyes are so treated, the injections 
in each eye are several days apart. 

The white residue often left at the site of injections does not contraindicate 
further such injections, nor does it indicate remaining active steroids. It is an 
amorphous material without therapeutic action. 
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SUMMARY 


When properly employed, subconjunctival (subtenon’s) injections of steroids 
facilitate the management of certain intraocular diseases. Most failures are due 
to too small doses given too infrequently. 
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EXTERNAL DISEASE 
KERATOCONJUNCTIVITIS SICCA AND SJOGREN’S SYNDROME 


SysTeMic MANIFESTATIONS AND HEMATOLOGIC AND PROTEIN ABNORMALITIES 


CyntuiA A. StottzE, Davin G. HANton, GERTRUDE L. PEASE, AND 
Joun W. HENDERSON 


Section of Medicine, Section of Clinical Pathology, Section of Ophthalmology, 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota 


Arch. Int. Med., 1960, 106: 513-522 


Interest in keratoconjunctivitis sicca, which is an inflammation of the cornea 
and conjunctiva associated with dryness, was limited primarily to ophthalmolo- 
gists until 1933 when Sjégren reported finding a stomorhinopharyngolaryngitis 
sicca, enlargement of the salivary glands, and arthritis in patients with kerato- 
conjunctivitis sicca. The association of these conditions with keratoconjunctivitis 
sicca since then has been designated as Sjégren’s syndrome. 

The present study was undertaken to investigate the relationship of other 
clinical conditions to keratoconjunctivitis sicca and Sjégren’s syndrome and to 
determine the occurrence of various protein and hematological abnormalities in 
both conditions, the incidence of the manifestations of Sjégren’s syndrome 
among patients with keratoconjunctivitis sicca, and the course and prognosis of 
both conditions. The records of 248 patients with keratoconjunctivitis sicca at 
the Mayo Clinic from 1950 through 1956 were reviewed. Keratoconjunctivitis 
sicca was diagnosed when two of the following three criteria were present: (1) 
typical symptoms such as stinging, burning, and foreign-body sensation, (2) 
dryness of the conjunctiva as indicated by Schirmer’s test, and (3) corneal and 
conjunctival staining with Bengal rose or fluorescein typical of keratocon- 
| junctivitis sicca. Sjégren’s syndrome was diagnosed when patients had kerato- 





conjunctivitis sicca plus one or more additional features of the syndrome. 

Of 248 patients with keratoconjunctivitis sicca, 139 (56 per cent) had Sjégren’s 
syndrome. Stomorhinopharyngolaryngitis sicca occurred in 117 (47 per cent), 
enlargement of the salivary glands in 28 (11 per cent), and arthritis in 53 (21 
per cent). This series of 139 cases of Sjégren’s syndrome plus the cases previously 
reported in the literature brings the total number of reported cases of kerato- 
conjunctivitis sicca with systemic manifestations to more than 1,000. The oc- 
currence is most frequent in women in the middle and older age groups; the 
percentage of men in the present study is higher than in most series. Kerato- 
conjunctivitis sicca is the most common ocular disorder of patients with rheuma- 
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TABLE 1 


Some Clinical Conditions Associated with Keratoconjunctivitis Sicca and 


Sjigren’s Syndrome* 





Clinical Conditions 


Sjégren’s Syndrome 
(139 Cases) 


Keratoconjunctivitis 
Sicca Only 
(109 Cases) 





Systemic symptoms and findings 


Weakness and fatigue 
Loss of weight 
Appeared older than stated age 

Neuropsychiatric diagnoses 
Paresthesia, peripheral neuritis and radiculitis 
Cerebrovascular accident 
Mental disturbances 

Integumentary system 
RRR SE et ec peae eee re ane Sate 
IR ara cd Gia duta are ot oaisia'e tie hiawreem nee e card ee ears 
Pigment changes 
IE AU I ig cas Keck cee ma bommauuasien 
Purpura, easy bruising, and epistaxis................. 
Abnormal sweating 
Dystrophic nails 

Respiratory system 
Chronic or recurrent pulmonary infection 
Pulmonary fibrosis or emphysema 

Gastrointestinal system 
Dysphagia 
Diaphragmatic hernia or esophageal diverticulum 
Enlarged liver or hepatic disease 
Cc ot dee eta er a. vant as see hee ene 
Irritable bowel, gas and dyspepsia 

Thyroid disease 

Collagen diseases 
I eri ie Sac rg alana as abi a ual ah ily WaiaTR gone 
Systemic lupus erythematosus........................ 
Periarteritis nodosa 
Scleroderma 
History of rheumatic fever 

Other conditions 
Purpura hyperglobulinemia 
6 ans 5 shew cee Ri ld ae 
Adenopathy 
Splenomegaly 





9 
22 
14 








toid arthritis, but the exact relationship of arthritis to keratoconjunctivitis sicca 
is not clear. Osteoarthritis was excluded in the present study in considering the 
frequency of arthritis; only joint diseases which may be regarded as a systemic 
disorder were included. This probably accounts for the lower incidence of 
arthritis in the current study (21 per cent), compared to an incidence of 45 per 


cent reported from some of the other large series. 
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The most frequent manifestations of Sjégren’s syndrome were those related to 
dryness or its complications. Serious ocular complications such as ulceration of 
the cornea are fortunately rare. Dryness of mucous membranes of the oropharynx 
and of the respiratory and gastrointestinal tracts were found to be frequently 
associated with keratoconjunctivitis sicca and Sjégren’s syndrome. Associated 
conditions not related to dryness of mucous membranes included thyroid diseases, 
collagen diseases, and hyperglobulinemic purpura of Waldenstrém. In Sjégren’s 
syndrome various protein and hematological abnormalities were found. Follow- 
up studies, including an earlier series of cases, revealed that the prognosis for 
survival is good, sometimes extending over a period of two or three decades, but 
that complete remission is unusual. 

Most forms of treatment for the ocular condition have some proponents but 
no method has produced uniformly good results. Steroids ought to be used with 
caution in the presence of infection or ulceration of the cornea; a further trial of 
corticotropin and corticosteroids seems warranted. Evaluation of treatment is 
difficult because of the spontaneous remissions and exacerbations in the course 
of the disease. 


Comment: The authors report the results of their studies of the relationship of other 
clinical conditions to keratoconjunctivitis sicca and Sjégren’s syndrome in 248 Mayo 
Clinic patients, 109 of whom had only the ocular disturbance and 139 the ocular plus 
other features characterizing Sjégren’s syndrome. They found a higher incidence of the 
disease among men (18 per cent of cases) than is usually reported and they attributed 
this to a milder and less recognizable course of the disease in men. The frequency of 


arthritis (rheumatoid) was less than previously thought in this syndrome. The most 
frequent disturbances associated with Sjégren’s syndrome were due to dryness of the 
mucous membranes of the mouth, respiratory and gastrointestinal tracts. Various protein, 
collagen and hematological abnormalities were found in a significant number of cases. 

The various forms of therapy were enumerated, but lack of uniform results noted. 
Steroids for the systemic manifestations of the disease seemed to justify further trial. 
The course of the disease is characterized by relapses and remissions. Many cases are 
nonprogressive over a long follow-up period. A large bibliography is attached. Those 
particularly interested in this disease should read the article in its entirety. 

H. W. Forster, Jr. 
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ANATOMY 


FINE STRUCTURE OF THE BLOOD VESSELS IN THE IRIS LIGHT 
AND ELECTRON MICROSCOPIC STUDIES: 
PRELIMINARY REPORT 


Hrrosui [kurt AND TAKAAKI MImMatTsu 
Fukuoka, Japan 


AND 


Jospu MAEDA AND IcHtrRo TomITA 
Kurume, Japan 


Kyushu J. M. Se., 1960, 11: 113-124 


A few studies have suggested that the blood vessels of the iris may have 
unique structural properties, probably related to the constant movement of the 
iris in dilating and contracting the pupil. Earlier investigation using the light 
microscope have revealed that the adventitia of iris vessels consists of very 
fine connective-tissue fibers. This coat is single, irregularly thick in the larger 
vessels, but in smaller vessels consists of a thick layer with a loose inner layer. 
The outer layer sends off fibers which are continuous with the iris stroma. 
Circular muscle fibers are described running continuously around the endothelial 
tube, and elastic fibers just outside the endothelial cells have been reported. 
The veins are larger and thinner walled than the arteries. The interstitial space 
between the adventitia and intima is characteristic in all iris vessels. Hema- 
toxylin-eosin stain reveals the space filled with homogenous pink hyaline sub- 
stance, and Mallory’s stain demonstrates a gossamer-like tissue filling the space. 
This structure, with the thick outer layer anchored to the stroma and the space 
between this layer and the intima, insures movement of the blood and prevents 
disturbances which might follow distortion of the vessels during movements of 
the iris. 

The present authors have studied the iris vessels with both light and electron 
microscope, using a variety of stains. The results of light microscope studies are 
essentially the same as those of earlier investigators. The adventitia was noted 
to consist of a thick bundle of fine collagen fibers connecting with the iris stroma. 
The gossamer-like appearance was not noted. In some vessels, cell nuclei seen 
beneath the adventitia and outside the endothelial cells appeared to be peri- 
cytes, or Rouget’s cells. No muscle cells were observed. 

Examination by electron microscope showed all vessels were of essentially the 
same structure. Each vessel wall was composed, beginning with the inner layer, 


of a layer of endothelial cells, a basement membrane, pericytes, and an adventitia 
composed of a layered bundle of collagen fibrils. The endothelial cells were flat, 
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but sometimes cuboid, and varied in thickness from 2 yu in parts with nuclei 
to 500 A, and were usually thin in venules. Endothelial cells had a basement 
membrane on the outer side and microvilli on the surface facing the lumen. 
Nuclei were large in proportion to the amount of cytoplasm. The basement 
membrane was composed of structureless substance of moderate electron density, 
varying in thickness from 1.5 » to 500 A, and was separated from the endothelial 
cells by a very thin membrane. Its outer surface was ill defined and contained 
pericytes. The pericytes were flat and usually single-layered, with irregular 
processes protruding into the membrane. Some were in contact with processes 
protruding outward from an endothelial cell, and nearly all were in contact with 
the adventitia. In arterioles pericytes resembled smooth muscle cells but con- 
tained no myofibril. The collagen fibers composin the adventitia were variable 
in length and 600 to 1000 A in width, with 600 A axial periodicity. The fibers 
were irregularly arranged, the outer ones continuous with fibrils in the iris 
stroma, and the inner surface so loosely connected that a space was sometimes 
visible between adventitia and the basement membrane. 

The electron microscope thus demonstrates structures which are not otherwise 
observable in the iris vessels. The pericytes are characteristic and act as powerful 
vasoconstrictors, preventing the iris from bleeding when cut during operation. 


Comment: The well known unusually heavy adventia of iris vessels, which has been 
described by anatomists for many years, naturally intrigues the electron microscopist. 
These thick iris vessel coats may serve to prevent occlusion of the lumen (due to buckling 
of the vessel during dilation or constriction of the iris). The most interesting aspect in 
this report is the description of the elaborate relationship of the cells (pericytes) surround- 
ing the vessels, to each other and to the endothelial cells. The authors’ concept of these 
cells is not as clear as one might desire, their nature being obscured rather than clarified 
by the term pericyte, which describes location rather than function. Are they muscle cells 
sine contractile elements, as suggested, connective tissue cells responsible for the produc- 
tion of the adventitial sheath of collagen fibers, or does their intimate connection serve 
some purpose related to exchange of materials between the lumen of the vessel and the 
iris spaces? Electron microscopy is still in an essentially descriptive phase, and it is, 
therefore, correct that the author should confine himself to a description of the shape, 
contents, and relationship of these cells to adjacent structures. The significance of these 
relationships will no doubt shortly be discovered by application of experimental tech- 
niques coupled with electron microscopy. 

Grorce K. SMELSER 
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GLAUCOMA 


EXPERIMENTAL STUDIES ON IRON COMPOUNDS IN THE EYE AND 
THEIR SIGNIFICANCE FOR THE PATHOGENESIS OF 
HEMORRHAGIC GLAUCOMA 


SALME VANNAS 


Acta ophth., 1960, 38: 461-469 


Vannas believes that iron containing disintegration products of blood are the 
most important factors in the pathogenesis of hemorrhagic glaucoma following 
intraocular hemorrhages or thrombosis of the central retinal vein. She arrived 
at this conclusion by experimental studies which concern the migration routes 
of 2 per cent Ferrigen (ASTRA), a high molecular colloidal iron carbohydrate 
complex, administered intravenously in a dosage of 1.0 cc. per kg., or injected 
into the vitreous or the anterior chamber in doses of 0.1 to 0.2 cc. diluted with 
physiological saline (1/5 or 1/10) after removal of an equivalent amount of 
fluid from the eye. 

In another series of experiments, a low molecular ferric citrate solution was 
injected in a 0.2 to 2 per cent concentration intravenously, or into the vitreous, 
or anterior chamber. 

The material comprises 46 rabbit eyes and 1 human eye which had to be 
enucleated because of malignant melanoma. The enucleation of the animal 
eyes was performed 5 minutes to 1 month after the injections. 

The author observed essential differences in the behavior of these two iron 
compounds: The low molecular ferric citrate disappeared quickly and did not 
combine with ocular tissues, whereas, the high molecular colloidal iron carbo- 
hydrate complex was found readily bound to siderophilic tissue. Following 
intravenous injections of Ferrigen, iron was observed in the capillaries of the 
ciliary processes after 5 to 10 minutes and in the stroma of the ciliary processes 
after an hour. It was found scanty in the ciliary epithelium at this time. After 
3 hours, small quantities of iron were seen diffusely distributed in the ciliary 
processes, more distinctly in the stroma of the ciliary body, chamber angle, 
and in the perivascular tissue of the vascular plexus adjacent to the chamber 
angle. Only isolated iron aggregates were observed after 6 to 24 hours and 
later in the ciliary processes and other parts of the eye. The author emphasizes 
that they were “often phagocytized.” Iron was present in certain places of 
the choroidal capillaries 5 minutes to 63 hours after the intravenous injection. 
No absorption of iron has been found in the vascular walls, in the perivascular 
tissue, or the outer structures when the eyes were enucleated 5 minutes to 1 
week after intravenous administration of ferric citrate. Following the injection 
of Ferrigen into the anterior chamber, iron was found in the trabecular tissue, 
on the surface of the iris, and the endothelium of the cornea. It accummulated 
most profusely near the pupil and the anterior chamber angle. When ferric 
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citrate was injected, iron was noticeable 6 to 8 minutes later in the choroidal 
capillaries, the vortex veins, and in the orbital vessels, but not in the anterior 
chamber or the scleral vessels. 

Ferrigen injection into the vitreous yielded a Prussian blue positive reaction 
of the inner portion of the retina and its perivascular tissue, and around the 
central retinal vessels over the optic nerve head and in the optic nerve. Within 
13 minutes after the injection of Ferrigen into the vitreous body, iron was found 
on the surface of the ciliary processes, in the ciliary epithelium and the stroma 
of the ciliary processes. After 2 to 3 hours it appeared more concentrated in the 
stroma of the ciliary body and in the vicinity of the chamber angle. There- 
after, iron was found in the anterior segment of the eye only as isolated ag- 
gregates or within phagocytes. 

About 5 to 7 days after the injection of iron into the vitreous, hyperemia and 
incipient hemorrhages were observed in the ciliary processes. The hyperemic 
reaction was found increased after 11 days and associated with hemorrhages 
within the stroma of the ciliary processes, the iris, and the anterior chamber. 


Comments: The experiments with ferric citrate injections into the anterior chamber or 
vitreous body of rabbits, by and large, confirmed the observations made by Berens and 
Posner, Schreck, Kishimoto, Yamashita and Cibis. The disappearance of the low molecu- 
lar trivalent iron compound via the chamber angle and after passage through the ciliary 
epithelium via the ciliary and vortex veins and from the vitreous via the optic nerve 
along the centra! vessels and septa is very fast as compared to the time required for the 
migration of the high molecular colloidal iron carbohydrates. However, it has to be taken 
into account that this observation does not necessarily reflect a true difference in the 
affinity of various intraocular tissues or cells to the two compounds employed. These dif- 
ferences, for instance, could be explained by the fact that, in the case of ferric citrate, 
the siderophilic tissue is exposed to the trivalent iron for too short a time. Repeated in- 
jections of ferric citrate in solutions could well lead to results comparable to those ob- 
tained with Ferrigen. Furthermore, it has to be taken into account that the transient 
binding of iron to apoferritin in the cytoplasma before its transformation into the irreversi- 
ble hemosiderin complex does not yield a positive Prussian blue reaction. At the present 
time, electromicroscopy is the only technique to make the presence of iron as in the 
Ferritin complex visible. It is interesting to see that some of Vannas experiments con- 
firmed our own observations concerning the hyperemic phase which was followed later 
by neovascularization of blood vessels in the posterior chamber. This reviewer shares the 
author’s belief that it is the iron component liberated from the hemoglobin which is in 
part responsible for the secondary glaucoma that in some cases develops after central 
vein occlusion or severe intraocular hemorrhages. 

Paut A. Crpts 
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AQUEOUS FLOW IN HYPOTONIC AND GLAUCOMATOUS EYES 


TORSTEIN SAETEREN 
University Eye Department, Rikshospitalet, Oslo, Norway 
Acta ophth., 1960, 38: 347-362 


Today it is agreed that there is a continuous flow of aqueous humor from the 
anterior chamber via Schlemm’s canal to the episcleral veins. These 20 to 30 
efferent canals take their course through the deep scleral vein plexus where 
they empty into veins which bring the aqueous humor over to the episcleral 
veins. 

It is reasonable to assume that if the pressure in the efferent canals from 
Schlemm’s canal were just as high as in the recipient blood vessels, no aqueous 
humor would be able to flow out of the eye and no blood into the aqueous humor 
system, and under these conditions the measurement of intraocular pressure 
should afford some information about the pressure in the recipient blood vessels. 
The following experiments were performed with the object of attempting to 
determine the venous pressure on this basis. Intraocular pressure was decreased 
by compression (50 g) and the state of pressure equilibrium between the blood 
and aqueous humor system was judged from the appearance of the aqueous 
veins. 

Thirty normal eyes (21 persons aged 21 to 80 years), 21 eyes (17 persons) 
with glaucoma simplex, and 10 pathologically hypotonic eyes (the other eye 
in these individuals had higher normal pressure) were examined. In the case 
of the normal and glaucomatous eyes, after the episcleral veins had been ex- 
amined in a Haag-Streit slit-lamp, the eyes were anesthetized with a drop of 
Novesin (Wander, Barne), and the intraocular pressure was measured. After 
hyperemia receded (in about 30 seconds) compression was performed with an 
adjusted Baillart’s ophthalmodynamometer which was applied radially to 
the bulb, corresponding to the attachment of the musculus rectus lateralis 
while the experimental individual was sitting in front of the slit-lamp. Com- 
pression was for 4 minutes in the case of normal eyes and 10 minutes for glau- 
comatous ones. 

In normal eyes which were hypotonic after compression, there was flow of 
aqueous humor in the episcleral veins when the intraocular pressure was 7.24 
mm. Hg or higher. The pressure in the recipient blood vessels must, therefore, 
have been less than 7.24 mm. Hg. This value is much lower than that found by 
other investigators for venous pressure (measured episclerally) in normal, 
undisturbed eyes, and it is therefore reasonable to assume that the pressure 
in the recipient blood vessels falls when the intraocular pressure is reduced. 

In eyes which were hypotonic (intraocular pressure between 4.5 and 8.5 
mm. Hg) as a result of disease, aqueous veins were observed and the pressure in 
the recipient blood vessels must thus have been lower than the intraocular 
pressure. 
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After compression of eyes with glaucoma simplex, there was still aqueous 
humor drainage in the episcleral veins, and the pressure in the recipient blood 
vessels must thus have been lower than the intraocular pressure. In spite of 
the fact that the compression caused a considerable reduction of the intraocular 
pressure (from 7 to 25 mm. Hg), there was no marked change in the appearance 
of the aqueous veins. This may indicate that the outflow resistance or the 
pressure in the recipient blood vessels was reduced after compression. 

The problem of the relation between intraocular pressure and bulbar venous 
pressure has been the object of a number of investigations which have yielded 
some contradictory results. Linnér (1956, 1957) found no variation in the 
episcleral pressure during 24 hours nor any change when the intraocular pressure 
was reduced with pilocarpin, eserin or acetazolamid. On the other hand, Bain 
(1954), in normal eyes, found a close relation between intraocular pressure 
and episcleral venous pressure, and Dobrec (1953) and Kleinert (1954) demon- 
strated photographically that there was a change in the caliber of the episcleral 
veins when the intraocular pressure was altered. In contrast to these and similar 
findings of others, the present investigation affords information on the in- 
trascleral venous pressure in eyes which are hypotonic after compression. In 
spite of the fact that the value found is undoubtedly too high, it is still so much 
lower than the episcleral venous pressure measured in the disturbed eye that 
it indicates that the intrascleral pressure is reduced in the hypotonic eye. 

The observation that it is difficult to get blood into the aqueous humor system 
in glaucomatous eyes is consistent with the results of gonioscopic investigations. 
The moment compression is released there is a sudden change in the intraocular 
pressure and probably also in the venous pressure. It may possibly take some 
time before the two pressures again become adjusted to each other, and this 
may explain why the aqueous veins were more blood-filled during the first 
5 to 10 seconds after compression. This phenomenon appeared to be independent 
of the magnitude of the intraocular pressure, as it occurred regardless of whether 
the compression had lasted for 4 or 10 minutes. 


Comment: Although an indirect and necessarily relatively crude approach to the 
measurement of the intrascleral venous pressure is presented, it, nevertheless, indicates 
a direct relationship between intraocular pressure and intrascleral venous pressure, at 
least in the normal and hypotonic eye. To the reader interested in the role of episcleral 
venous pressure and aqueous circulation, this article is recommended as an excellent 
survey of the literature. 


Sau SuGar 
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THERAPEUTICS 
ENTEROCOCCAL ENDOCARDITIS 


M. G. Koenic anp D. Kaye 


New England J. Med., 1961, 264: 257-264 


Nineteen cases of enterococcal endocarditis are reported. The most common 
known portal of entry was the genitourinary tract. The most common under- 
lying cardiac lesion was rheumatic heart disease. 

Despite the relative resistance in vitro of enterococci to penicillin and strep- 
tomycin these two agents given simultaneously yielded a high rate of cure. Al- 
though apparently sensitive to broad-spectrum antibiotics, therapy with these 
agents was unsatisfactory. 

A combination of penicillin and streptomycin is considered the treatment of 
choice for enterococcal endocarditis. On the basis of present experience the recom- 
mended regimen is 20,000,000 units of aqueous penicillin (IV) daily for 6 weeks 
and streptomycin 1 gm. intramuscularly every 12 hours for 3 weeks and then 0.5 
gm. every 12 hours for an additional 3 weeks. 

Sixteen of the nineteen patients were cured without bacteriological relapses. 
Follow-up observations range from 5 months to 13 years. 

Although large amounts of streptomycin or dihydrostreptomycin were used 
only 2 patients had evidence of serious hearing loss. Age appears to be a significant 
predisposing factor. 


Comment: Three aspects of this article are of interest to us; the organism, the route of 
entry, and the antibiotic therapy. 

The authors point out that enterococci are frequent inhabitants of the gastrointestinal 
and lower genitourinary tract and that enterococcal endocarditis is a disease of older men 
(and women of child-bearing age). Just as the infection localizes on the diseased heart 
valve it could similarly cause the postoperative endophthalmitis in patients of this older 
age group with chronic urological disease. Unfortunately, a significant positive culture in 
postoperative endophthalmitis is not usual. We are so often concerned with resistant 
staphlococcal infection that we may overlook this likely endogenous source, and too 
quickly think in terms of antibiotics other than penicillin and streptomycin. The authors 
demonstrate for us the efficiency of this drug combination when used in recommended 
dosage and duration ranges. 

Martin Lusow 
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A COMPARATIVE STUDY OF PROTHROMBINOPENIC 
ANTICOAGULANT DRUGS 


BISHYDROXYCOUMARIN, DIPHENADIONE, ANISINDIONE, AND ACENOCOUMAROL 


RosBert SmitH, THEODORE RopMAN, AND BERNARD H. Pastor 
Philadelphia, Pennsylvania 
J.A.M.A., 1960, 174: 1917-1920 


In an earlier study the authors compared four prothrombinopenic anti- 
coagulants, bishydroxycoumarin (Dicoumarol), phenindione (Hedulin), di- 
phenadione (Dipaxin), and warfarin (Prothromadin). None was found superior 
to the others. Since this time a number of new anticoagulants have appeared, 
with claims that each is superior. The present study compared two of these, 
acenocoumarol (Sintron) and anisidione (Miradon), with two of the first group, 
bishydroxycoumarin and dephenadione. 

The study included 230 patients with various conditions, including 130 with 
myocardial infarction, needing anticoagulant therapy. Concentrated aqueous 
heparin was given to a number while the hypoprothrombinimia was being in- 
duced. All doses were given at 4 p.m. and blood for prothrombin determination 
was drawn 16 hours later. A modified quick one-stage method was used with 
Simplastin for the determinations, and observations were reported in seconds, 
converted to percentages of control prothrombin activity. In an effort to maintain 
a therapeutic level of prothrombin activity between 10 and 30 per cent, determi- 
nations were made daily until a stable level was achieved, usually within 4 to 
10 days. Determinations were than reduced to 3 weekly. Therapy was main- 
tained for an average of 26 days per patient, with an average of 21.6 days for 
inducing the therapeutic level. 

Using one large loading dose, therapeutic levels were not usually achieved by 
the 16th hour regardless of the drug, but at 40 hours therapeutic levels were 
reached in 90 to 97 per cent of patients except by those on bishydroxycoumarin 
only 60 per cent of whom had reached therapeutic levels at this time. Of 11 pa- 
tients with prothrombin activity below 10 per cent at 64 hours, all had returned 
to therapeutic levels by 88 hours. Patients were maintained within therapeutic 
ranges of 10 to 30 per cent for 83 to 88 per cent of the total days of the study. 
Considering the length of time that each patient was within these levels, differ- 
ences between the response to the 4 drugs varied between 70 and 90 per cent 
and were not statistically significant. 

Daily maintenance doses of each drug varied widely from day to day and from 
patient to patient. Arbitrarily defining a stable dose as within 30 per cent above 
or below the average daily dose, patients were maintained within therapeutic 
ranges from 68 to 90 per cent of the days. Deviations of each patient’s average 
dose from that of the group did not show significant differences on the different 
drugs. 
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The clotting tendency of the blood can now be reduced in thromboembolic 
disease by anticoagulants, including three types, heparin, coumarin derivatives, 
and phenindione derivatives. Thrombolyltic agents promise to be useful in dis- 
solving fresh thrombi, but are still in the stage of investigation. 

Workers agree on the usefulness of anticoagulants in treating acute myo- 
cardial infarction. They do not all agree as to whether the therapy should be 
continued indefinitely or tapered off a long term of use. Apparently the reason for 
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Of 94 patients followed after withdrawal of the anticoagulant, 100 per cent of 
those on acenocoumarol, 90 per cent of those on anisidione, 58 per cent of those 
on bishydroxycoumarin, and 50 per cent of those on diphenadione had returned 
to normal levels 88 hours after the last dose. Intravenous vitamin K, oxide re- 
stored prothrombin levels of 17 patients to normal in 24 hours, but oral vitamin 
K normalized the level more slowly. 

The only complication was hemorrhage. Hematuria, which occurred in 10 
cases, was usually reversed by temporarily withdrawing the drug. Gastroin- 
testinal bleeding occurred in 4 cases. The incidence of major bleeding was 2.1 
per cent and of minor bleeding 10.4 per cent. 

The study confirms our earlier observation that a large initial dose brings 
most patients within the therapeutic range within 40 hours. In this series thera- 
peutic levels were reached somewhat more slowly on bishydroxycoumarin than 
on the other drugs, but the difference was not enough to justify abandoning the 
drug by a physician who is experienced in its use. Observations also show that the 
action of these drugs in the hands of different physicians is unpredictable enough 
to make comparisons uncertain unless the drugs are concurrently given. The 
large initial dose appears to be safe. The four drugs tested seem to be about 
equally useful for maintenance. Though return to normal after withdrawal 
seemed quickly after acenocoumarin and anisindione, this may not be an ad- 
vantage. Bleeding was comparable to that noted in earlier studies, and correlated 
poorly with prothrombin levels. It rarely occurred before the 10th day. 

None of these drugs appears to have advantages which warrant its selection in 
preference to the others. 


(For editorial comment, see after the following abstract.) 


TREATMENT OF THROMBOEMBOLIC DISEASES 
CRITERIA FOR EVALUATION OF STUDIES 
IrvING S. WRIGHT 
New York, New York 
J.A.M.A., 1960, 174: 1921-1924 
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recurrences observed after withdrawal is not “rebound” but progress of the basic 
atherosclerosis which tends to favor increasingly the formation of thrombi when 
the controlling anticoagulant is withdrawn. 

Some statistical studies suggest that the benefit of long-term anticoagulant 
therapy is most noticeable during the first year or two, but decreases after this 
period. However, as time passes a study group comes to include an increasingly 
large number of marginal cases who will inevitably die of atherosclerosis within 
2 years or so, while the comparable patients in the control groups have died within 
the first year or two of the study. These facts account to a large degree for sta- 
tistical differences in death rates of treated and untreated patients. 

The question arises as to the advisability of treating angina pectoris with long- 
term anticoagulants. Since it is a largely subjective condition, angina is difficult 
to evaluate. However, if it is severe enough so that the patient needs nitro- 
glycerin several times a day, mounting evidence indicates that anticoagulants 
may be useful in preventing definite or massive myocardial infarction. 

After 15 years of work, it now appears that in carefully selected patients with 
thromboembolic cerebrovascular diseases with emboli arising from the heart, 
anticoagulants may prevent the original thrombus from delivering new emboli 
or may prevent extension of the cerebral embolus. In these cases, statistically 
the risk of hemorrhage does not outweigh the benefits of anticoagulants, but in 
individual patients anticoagulants may cause serious bleeding. These drugs are 
regularly used to treat intermittent ischemia secondary to transient disturbance 
of blood flow in the carotid or vertebral basilar vessels. While the mechanism of 
these attacks is uncertain, experience indicates that the risk is reduced by anti- 
coagulants. Carefully selected cases of stroke due to thrombosis, but obviously 
not to hemorrhage, are benefited by these agents. Diagnosis may be difficult, but 
angiography may clarify the picture. Probably only about 15 per cent of stroke 
cases are helped by anticoagulants. 

Contraindications to anticoagulant therapy are broadening and also becoming 
defined. Hypertension with diastolic pressure over 120 mm. Hg is a serious 
hazard. Anticoagulants are of little use when patients are unconscious or have 
serious neurological deficits. While occasionally such patients make dramatic 
recoveries, this happens only if the maximal defect has not lasted over 2 to 3 
weeks. Heparin should be used to initiate the anticoagulant therapy when 
strokes are due to transient ischemia, since this treatment may prevent throm- 
bosis and infarction. If a thrombus is already present, however, heparin may cause 
oozing of the blood; therefore in these cases the anticoagulants are used alone. 
Standardization of tests, using seconds in patients compared with control time, 
would be an avantage in research. 

Stricter criteria should be adopted for evaluation of studies. Any paper on 
anticoagulant therapy should consider the following questions: (1) How were the 
patients selected, and were diagnostic categories established at the beginning? 
(2) Were the control and treated series selected by means of unbiased random 
sampling, or did other factors influence their choice? (3) Was the therapy con- 
trolled by experienced physicians, or supervised by a staff experienced in the 
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field? (4) What percentage of the time were the treated patients maintained 
within the therapeutic range? (5) What was the method used for controlling 
anticoagulant therapy? (6) Were hypertensive patients included, and if so what 
was the level of the hypertension? (7) If strokes are under study, what per- 
centage of cases were due to emboli, thrombi, hemorrhage? (8) What percentage 
of bleeding was due to organic disease, independent of anticoagulants? 


Comment: These two articles, one a comparative evaluation of several prothrombino- 
penic anticoagulant agents and the other a consideration of the value of anticoagulant 
therapy in the treatment and prevention of certain thromboembolic disorders, are thought- 
ful presentations which set forth a number of important points. 

The paper by Smith, Rodman, and Pastor suggests that there is little to recommend 
one prothrombinopenic agent over another and concludes that the experience and judg- 
ment of the physician prescribing the daily doses of anticoagulant are more important 
than the specific agent employed. With this conclusion I heartily agree despite my own 
feeling that phenindione (Hedulin, Danilone) does offer advantages in ease and pre- 
dictability of control. The “feel” of the physician for a specific prothrombinopenic drug 
is the prime factor in safe and effective anticoagulant therapy. In this connection, I 
should like to inveigh against the use of a routine schedule, setting forth the daily dose of 
a long-acting anticoagulant to be given automatically according to the particular pro- 
thrombin time report for that day. Such schedules overlook the fact that the daily dose 
to be ordered varies not only with the specific prothrombin level but also with the trend 
of the prothrombin time determinations over the preceding 2 or 3 days. An experienced 
physician can “anticipate” or extrapolate; a schedule cannot. 

Wright’s article emphasizes the desirability of long-term anticoagulant therapy in 
coronary artery disease and sets forth certain necessary criteria which have, unfortunately, 
not been uniformly adhered to in studies on the effects of anticoagulant therapy in throm- 
boembolic disorders. A point made by Wright is that the reporting of prothrombin time 
by percentages is unnecessary and possibly confusing; he recommends, instead, that 
prothrombin times be reported in seconds, accompanied by the control time. We have 
been doing this at the Wills Eye Hospital for the past 15 years, the patient’s prothrombin 
time being reported in seconds as the numerator of a fraction, the denominator being the 
control time in seconds. 

From the ophthalmic point of view, anticoagulants find their greatest usefulness in the 
treatment of retinal venous occlusions. A statistical evaluation of the merits of anti- 
coagulant therapy in preserving or improving vision in retinal venous occlusion is difficult 
to make because of the large number of variables to be considered: the age of the patient; 
the site of the venous occlusive process (branch or central); the degree of completeness 
or incompleteness of the occlusion; the presence or absence of associated disorders such as 
hypertension, diabetes mellitus, and hypercholesterolemia; the lapse of time between the 
onset of the occlusion and the institution of anticoagulant therapy; the duration of 
anticoagulant therapy; the adequacy of the anticoagulant therapy; and so forth. Never- 
theless, in the treatment of several hundred cases of retinal venous occlusive disease over 
the past 15 years, it has been my impression that anticoagulants are often of great value, 
particularly when given on a long-term basis. 

For safety in long-term anticoagulant therapy, intelligent selection of patients is 
required. Among other considerations, the patient must be responsible enough to follow 
directions and to report for prothrombin time determinations as often as the physician 
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deems necessary; in addition, those who drink heavily or are accident-prone are poor 
risks because of the possibility of trauma and resultant serious bleeding. 

Because of the difficulties indigenous to long-term anticoagulant therapy, where an 
effort is made to keep the prothrombin time within the usually accepted therapeutic 
range of 2 to 24 times normal, one wonders whether benefit might not be obtained with 
lesser degrees of prothrombin time prolongation or with the intermittent use of anti- 
coagulants given only several days a week. Definitive studies along these lines would be 
of great practical value. 

Haroitp A. Hanno 


SOME LABORATORY AND CLINICAL OBSERVATIONS 
ON COLY-MYCIN (COLISTIN) WITH PARTICULAR 
REFERENCE TO PSEUDOMONAS INFECTION 


FraANK L. MELENY 
Miami, Florida 


AND 


GeorGE R. Prout, Jr. 
Richmond, Virginia 


Surg. Gynec. & Obst., 1961, 172: 211-217 


Pseudomonas has always been a troublesome infecting organism, usually only 
on body surfaces, in surgical or accidental wounds. Since antibiotics have been 
widely used in treating diseases caused by other organisms, this group has be- 
come an increasingly frequent cause of superinfection during such therapy. The 
only suitable antibiotic to date has been polymyxin B, which has toxic effects 
on the kidneys when given systemically. 

Coly-mycin was introduced by Koyana in Japan in 1950 and has been re- 
ported since by Italian and French workers. It is not actually a mycin, but is 
produced by Aerobacillus colistinus. Reports indicate that it has strong bacteri- 
ocidal and bacteriostatic properties. It is not absorbed by the gastrointestinal 
tract but acts locally on some intestinal organisms. It can be used locally on 
body surfaces and cavities and in wounds. For systemic use, sodium colistin 
methansulfate is injected intramuscularly. This paper reports in vitro appraisal 
of the drug on 172 strains of pseudomonas and also the clinical effects in 35 
patients. 

For the laboratory study were used cultures of 57 strains derived from urine, 
40 from sputum, 28 from wound infections, and 47 from miscellaneous infections. 
On an average, pseudomonas occurred in a ratio of 5 mixed with other organisms 











434 SURVEY OF OPHTHALMOLOGY 


to 2 pure pseudomonas. Many of the associated organisms were resistant to 
coly-mycin so that other antibiotics had to be added or continued concurrently. 

Using dilute and concentrated-strength disks, the sensitivity of pseudomonas 
to six antibiotics was tested. Strains were considered sensitive to drugs which 
inhibited growth on both disks, and moderately sensitive if growth was in- 
hibited only on the concentrated-strength disk. According to these tests, coly- 
mycin was at least as effective as polymycin B; chloromycetin and tetracyclines 
were impotent; and neomycin and streptomycin of medium efficacy. Bacitracin 
was not tested since it was known to be ineffective against these organisms. Of 
other organisms found associated with pseudomonas, most strains of Escherichia 
coli, the aerobacter group, and paracolon group were sensitive to coly-mycin. 
Most strains of Proteus were resistant. 

In the 35 cases reported, cultures were regularly taken before treatment. In 
some instances other antibiotics were also used. Criteria were disappearance of 
the organism and rapid or steady clinical improvement. Thirteen patients re- 
ceived systemic treatment only, consisting of one million units every 8 hours, 
increased in very serious cases to double the dose every 6 hours. Results were 
favorable in 5 of these cases and questionable in 5 others. Eleven patients re- 
ceived local treatment of 10,000 to 20,000 units per cubic centimeter of solution 
or gram of ointment. Results were favorable in 9 patients and questionable in 2. 
Effects were favorable in all 7 patients who were given a combination of systemic 
and local therapy. In 4 cases the bowel was prepared for resection by a combina- 
tion of coly-mycin, bacitracin, and neomycin. In three instances the bowel was 
found to be free from susceptible organisms, and in one the organisms were 
greatly reduced, at the site of resection. It seems possible that the relatively poor 
results from systemic administration may have been caused by unduly low 
dosage. 

The need for combining various antibiotics raised certain problems. The 
questions of synergism or inhibition occurring with simultaneous use of several 
drugs is now being investigated. We have observed that Proteus inhibits the 
action of coly-mycin against pseudomonas. 

No toxic effects have been observed on the liver, kidneys, blood-forming organs, 
or blood constituents in the doses given. Coly-mycin may also be useful given 
intramuscularly or by aerosol inhalation in respiratory disease, or given orally 
for intestinal infections. 

The importance of making cultures before instituting antibiotic therapy can- 
not be overemphasized. 


Comment: This has the potentialities of being a very useful drug in ophthalmology. 
Studies performed at the Wills Eye Hospital demonstrated the ability of this agent to 
penetrate into the eye, and there is one report in the ophthalmic literature by Gordon 
and McLean demonstrating the successful control of the corneal pyocyaneous infection. 
The drug does not appear to be as painful when subconjunctivally administered as pyo- 
cyaneous. In ophthalmology we are usually interested in drugs which can be administered 
in massive doses without producing serious systemic side effects, and this drug in these 
few cases appears to be not very toxic when used in concentrations of 1:3,000,000 units 
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every 6 to 8 hours, i.e., 30 to 90 mg. Preference at the present time should be given to 
use of this agent locally in the cul de sac or subconjunctivally. 
Irvine H. LEopoip 


MEDICAL TREATMENT OF INTRACRANIAL ANEURYSM 


Pau. 8S. SLOSBERG 
New York, New York 


Neurology, 1960, 10: 1085-1089 


Fifteen cases of subarachnoid hemorrhage with proved aneurysm have been 
treated by medically induced hypotension. The results of medical treatment 
appear to be better than those of surgical operation. 

Operation is usually contraindicated by (1) age, over 50 to 55; (2) complicating 
medical illness, especially of the cardiovascular system; (3) absence of demon- 
strable cross circulation; (4) reaction to carotid compression; (5) presence of 
multiple aneurysms; (6) inacessibility of the aneurysm; (7) bleeding within 24 
hours. In addition, neither surgical nor medical treatment is carried out unless 
the patient is able to communicate. In the medical management, this is necessary 
because the method is tested by the reversal of the communicable part of the 
neurological examination. A history of coma previous to initiation of therapy is 
not a contraindication. 

In the present series, 8 patients had hypertension, one had coronary insuffi- 
ciency, 2 had evidence of bleeding tendency, 3 had poor collateral circulation, 
and 1 had seven medical illnesses beside poor cross circulation. 

The medical management consists in regulating the patient’s blood pressure 
on the basis of frequent repeated neurological examinations; a tilt table and 
electronic blood-pressure follower have been useful instruments. The drugs used 
for regulation are pentolinium, reserpine, chlorothiazide, hydrochlorothiazole, 
hydralazine, and syrosingopine, all used indefinitely. 

Twelve of the fifteen patients survived, including all of those under the age of 
55. Of the 3 who died, 1 had evidence of poor cross circulation, 1 had a thread- 
like posterior communicating artery. All 3 had aneurysms situated in the anterior 
communicating artery. Two died after successful treatment and discharge from 
the hospital. The third had had multiple hemorrhagic episodes, and death fol- 
lowed spontaneous hypotension and hypernatremia following withdrawal of 
medical treatment. Autopsy disclosed an aneurysm with residua of previous 
hemorrhages inbedded in the orbital surface of the brain, causing bilateral de- 
pression of the cerebral tissues. All would probably have been considered un- 
suitable for surgical therapy. 








436 SURVEY OF OPHTHALMOLOGY 


The ages of the survivors in the older age group when last seen were 55, 65, 
66, and 70 years, and all were taking hypotensive drugs without difficulty. All 3 
of those who had multiple aneurysms and all of those with complicating illnesses 
were also living at the time of writing this report. Of the 12 survivors, 7 are con- 
sidered to have excellent results, 3 are steadily improving, and 2 have shown 
some improvement. Six of the survivors had aneurysm of the anterior com- 
municating artery. All of those treated within 24 hours of onset survived. 

The most important use of hypotensive drugs in these cases is during the early 
period. Of 12 cases of hemorrhage proved by lumbar puncture and treated im- 
mediately as an emergency measure, all have survived. After the acute period is 
past, some such patients may after careful evaluation be considered for surgical 
operation. It may be possible to manage inoperable cases indefinitely by hypo- 
tensive medication. 


Comment: Our past experience with aneurysms shows us that there are two distinct 
groups within the case material available. First, those patients who are excluded from 
surgical intervention and do have a relatively poor prognosis. Second, those who are 
eligible for surgical intervention have a much better prognosis when the lesion is attacked 
surgically. Operation is usually withheld because of (1) age, (2) complicating medical 
illness, (3) poor collateral circulation, (4) inaccessibility to aneurysm, (5) presence of 
multiple aneurysms, and (6) recurrence of bleeding. 

When one considers these criteria it is easy to imagine how a surgical series could look 
quite good from the standpoint of end result and in a medical series could look quite 
poor as far as the end result is concerned. If we constantly keep this in mind, we are 
better able to evaluate either a medical or surgical treatment of intracranial aneurysm. 
The authors have shown that the medical therapy by means of induced hypotension, 
on a pharmacological basis, has in their experience been used primarily with emergency 
cases of ruptured aneurysm wherein surgical intervention is contraindicated and haz- 
ardous. They had 12 cases where it was applied as an emergency measure without a 
single death. 

As with many of our other therapeutic measures an intelligent collaboration of medical 
and surgical therapy is the best we can offer the patient. Medical therapy should be used 
as an emergency measure where surgical contraindications exist, combined with surgical 
intervention, either by carotid ligation in the neck or in selected cases, an intracranial 
trapping operation when the patient is a good surgical candidate. 

Tuomas R. Hepges Jr. 
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RETINA 


HYPERGLYCERIDEMIA AND LIPEMIA RETINALIS IN 
HYPOPITUITARISM 


BERNARD TAVATZNIK AND Davin RABINOWITZ 
Department of Medicine, University of Witwatersrand, Johannesburg, South Africa 
Bull. Johns Hopkins Hosp., 1960, 107: 175-196 


A case is reported of hypopituitary myxedema associated with lipemia retinalis 
in a 28-year-old South African Bantu male who complained of the gradual onset 
of weakness, tiredness and painless swelling of the face and limbs, progressive 
sexual impotence and loss of libido. Ophthalmological examination showed the 
characteristic changes of lipemia retinalis. The retinal vessels were flat, ribbon- 
like and yellowish in color. Arteries and veins could only be differentiated with 
difficulty. The eyegrounds were yellow, superimposed on the grayish pigment 
of the normal Bantu fundus. The optic disks were normal and the visual fields 
were full. Radiography of the skull showed an enlarged pituitary fossa. Serum 
lipid studies showed total lipids 2.530 mg. per cent; total cholesterol 490 mg. 
per cent; phospholipids 407 mg. per cent; triglycerides 1.33 mg. per cent. The 
serum was markedly lactescent. Thymol turbidity tests could not be done for 
this reason. 

The administration of thyrotropic hormone (Thyrotropar, Armour) by in- 
tramuscular injection in a dosage of 12.5 mg. t.i.d. for 3 days was followed by 
rapid clearing of the patient’s serum with a fall in all the lipid fractions, particu- 
larly triglyceride. 

As there was no evidence of compression of the optic nerve, nor progression of 
lesion as judged by the size of the sella turcica on serial radiography, a direct 
therapeutic attack on the pituitary gland was considered inadvisable. Replace- 
ment therapy was commenced with prednisone 5 mg. daily, methyl testosterone 
25 mg. daily, and triiodothyronine 75 yg. daily. Response to treatment was 
excellent. The improvement in the patient has been maintained over a 2-year 
period of observation. 

Hyperglyceridemic syndromes are occasionally accompanied by lipemia 
retinalis in which the retinal vessels show evidence of the milky serum char- 
acteristic of these states. There is little reference in the literature to the associa- 
tion of hyperglyceridemia with conditions of pituitary dysfunction, and lactescent 
serum in hypopituitarism appears to occur very infrequently. 

Lactescence of serum persisting in the postabsorptive state may occur in a 
variety of pathological conditions (diabetes, pancreatitis, lipoid nephrosis). 

Little attention has been paid to the serum triglycerides in disorders of the 
pituitary function. The occurrence of lactescent serum in acromegalic patients 
has been attributed to associated complications such as diabetes but this ques- 
tion has not been resolved. 








438 SURVEY OF OPHTHALMOLOGY 


Many workers have stressed the difficulties in differentiating hypopituitary 
myxedema from primary myxedema since severe myxedema per se can cause 
profound metabolic effects in all the body tissues including the pituitary and 
other glands, and these effects may lead to widespread endocrine failure. The 
patient reported above was considered to have hypopituitary myxedema on 
clinical and laboratory evidence. The radiological finding of an enlarged sella 
turcica was highly suggestive of primary pituitary disease, although secondary 
hyperplasia of the hypophysis has been reported in primary myxedema. The 
diagnosis was established by the thyrotropin stimulation test which showed a 
significant increase in 24-hour neck uptake of I"! (7.8 per cent to 32 per cent) 
following administration of thyrotropin. The exact nature of the pituitary lesion 
was not established. 

In view of Thannhauser’s belief that the association of myxedema with 
lactescent serum in previously reported cases was fortuitous, it was necessary to 
consider whether the present case could be an example of iodiopathic hyper- 
lipemia complicated by hypopituitarism. This was thought to be unlikely for 
several reasons. The dietary fat intake of the urbanized South African Bantu 
laborer seldom exceeds 80 gm. per day or 25 per cent of the estimated caloric 
intake and is largely comprised of polyunsaturated vegetable fats. It can reason- 
ably be assumed that this patient developed hyperglyceridemia while on a 
relatively low fat diet and that the serum lipids return to normal on a hospital 
ward diet considerably richer in animal fat content. Serum lipid studies were 
performed on two brothers and a sister of the patient and were normal in all 
respects. Furthermore the serum lipids in patients with idiopathic hyperlipemia 
do not respond dramatically to hormonal therapy. Recently, estrogens have been 
shown to produce moderate lowering of serum triglycerides in a series of patients 
with idiopathic hyperlipemia, but not, however, to completely normal levels. 

The extent of participation of the adrenal cortex in the hyperglyceridemia of 
our patient requires consideration since it is well established that in the experi- 
mental animal cortisone is essential for mobilization of fat. It is possible that the 
disturbance in thyroid function in our patient was considerably greater than that 
in adrenal cortical function, and that cortisone production was in relative excess 
to production of thyroxine. 

Although lipemia retinalis is always associated with hyperglyceridemia, the 
serum may be grossly lactescent without producing manifest changes in the 
retinal vessels. The level of triglyceride at which lipemia retinalis generally 
becomes apparent is not critical but varies between 1.5 and 5 gm. per cent. The 
presence of anemia in our patient probably contributed to the rather marked 
retinal changes which were present at a serum triglyceride level of 1.6 gm. per 
cent. 

This is the 17th case of nondiabetic lipemia retinalis reported in the literature. 
The paucity of these reports in no way reflects the prevalence of the condition 
since the retinal changes may be transient and could easily be overlooked. Our 
case and one reported by Leipert (Klin. Monatsbl. Augenhk., 1955, 127: 558) 
are the only examples on record of lipemia retinalis occurring in hypopituitarism. 
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Comment: This interesting article contains very timely information since altered lipid 
metabolism has recently received emphasis in the literature as a factor in diabetic reti- 
nopathy. 

The typical picture of lipemia retinalis is, however, not the only fundus lesion which 
may be produced by idiopathic hyperlipemia. Blodi, in reporting such a case, studied 
clinically and histologically, points out the great similarity of the findings in his case to 
those of Coats’ disease; he believes that idiopathic hyperlipemia should definitely be 
considered among the etiological possibilities in the production of the classical picture of 
Coats’ disease. 


Bertua A. Kien 


CRYOGLOBULINEMIA 


REpPoRT OF TWELVE CASES WITH BonE Marrow FINDINGS 


Ricuarp G. FarMeR, TALBERT Cooper, AND Curis A. Pascuzzi 
Rochester, Minnesota 


Arch. Int. Med., 1960, 106: 483-495 


Improved laboratory methods and clinical awareness suggest that cold- 
precipitable serum globulin, or “cryoglobulin,” as Lerner called it in 1947, may 
be more frequent than was formerly believed and that it may be the cause of 
presenting symptoms. Lerner considered this abnormality a nonspecific sign of a 
disease process, like fever or a raised sedimentation rate. 

Cryoglobulins are now recognized as a group of cold-precipitable proteins 
very similar to y-globulin. The temperature at which they precipitate varies: in 
general, higher concentrations precipitate at higher temperatures, occasionally 
even at room temperatures. However, cryoglobulins regularly dissolve after 
precipitation if they are warmed to 37°C. They usually migrate electropho- 
retically with y-globulin, but occasionally with the §-fraction or elsewhere. 
Molecular weight is approximately that of normal globulin, but may be as high 
as one million in association with macroglobulinemia. Laboratory evidence is 
based on precipitation at low temperatures and solution of the precipitated 
cryoglobulins at high temperatures. Repetition of the process leads to decrease 
in precipitation at low temperature, the ability to precipitate disappears if the 
serum is diluted to 1:4 or more, or if the serum is heated to over 56°C. once. 

Small amounts of asymptomatic cryoglubulin have been observed in many 
pathological states, but large quantities have been associated with only a few 
conditions, primarily with multiple myeloma. The commonest symptom is 
sensitiveness to lowered temperature, which is usually described as an atypical 
Raynaud’s disease. Commonly the affected area becomes a monophasic, intense 
blue for a few minutes to a few hours, and usually appears on dependent parts 
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of the body, or especially on the ears or nose. Petetchias and purpura, sometimes 
ulceration, necrosis and gangrene, are frequent and usually appear earlier than 
in typical Raynaud’s disease. Oronasal bleeding is common, and more occasional 
symptoms are decreased visual acuity, deafness, dyspnea, stomatitis, melena, 
and chills and fever after exposure to cold. Examination of the fundus often 
discloses dilated retinal veins, slowed circulation, segmentation of the vessels, 
hemorrhages, and exudates. 

Difficulty in performing routine laboratory tests often first suggests cryo- 
globulins. The most consistent other laboratory findings are anemia, elevated 
sedimentation rate, mild hyperglobulinemia, not all of which are necessarily 
present in any one case. The sedimentation rate may rise to over 100 mm. in an 
hour at temperatures from 37 to 40°C., and may slow down to less than 5 mm. 
in an hour at 2 to 4°C. Cryoglobulin may amount to 40 to 80 per cent of the 
total globulin fraction. In symptomatic cryoglobulinemia the concentration of 
eryoglobulin in the blood is 1 gm. per 100 ml., but concentrations as high as 
10 gm. per 100 ml. have been noted. A cryoglobulin inclusion cell resembling a 
lupus erythematosus cell has also been reported. The phenomena of vascular 
occlusion and permeability are thought to occur beyond the acral areas. 

The authors summarize 12 cases with concentrations of cryoglobulin greater 
than 300 mg. per 100 ml. The commonest abnormalities noted in physical 
examination were loss of weight, pallor, purpuric lesions on the lower extremities, 
and fundus changes. Four patients had massively dilated torutous vessels with 
sausage-like constrictions, exudates, and hemorrhages, but only minimal changes 
in the arterioles. Hyperglobulinemia was present in 7 cases. Concentrations of 
eryoglobulin varied from 1 gm. per 100 ml. to 7.2 gm. per 100 ml., and could 
not be correlated with clinical symptoms, severity of symptoms, or the nature of 
the disease. Most patients had moderate normochromic normocytic anemia and 
mild leukopenia. Examination of the bone marrow showed variable abnormality 
in the plasma or lymphocytes. Relatively few vacuolated cells were found. 


Comments: In this series of 12 cases, 4 had decreased visual acuity and 4 showed ophthal- 
moscopic changes (“massively dilated, tortuous veins with sausage-like constrictions, 
exudates, hemorrhages, and only minimal changes in the arterioles”) which the author 
considers typical of cryoglobulinemia. Three of the patients showed both fundus changes 
and decreased vision. However, the fundus changes are not described in detail (no mention 
of size and location of hemorrhages and exudates), so that it is quite possible that the 
decreased vision may be due to some retrobulbar pathology. In 1 case there was decreased 
vision, but no fundus abnormalities. In the only detailed case report of the paper, fundus 
changes were present (dilated and tortuous veins with hemorrhages), but there was no 
decreased visual acuity. 

This excellent paper serves to remind us to work together with internists and investi- 
gate all patients with unexplained visual decrease as well as those who have unexplained 
fundus changes such as retinal hemorrhages, dilated veins, and exudates without any 
visual loss. Only in this way may we learn what percentage of patients with cryoglob- 
ulinemia show fundus changes and diminished vision. Detailed fundus examinations 
will also help elucidate the site of the pathology causing any visual loss. 
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The test for cryoglobulins is very inexpensive and simple. Because of this and since 
the presence as well as the concentration of cryoglobulins may vary in any patient over 
the course of an illness, it may also be wise to repeat the test. 

Ricuarp A. ELuis 





SURGERY 


COMBINED LOCAL AND GENERAL ANALGESIA FOR CATARACT 
OPERATIONS* 


J. Ives 
Croydon Group of Hospitals, Croydon, England 
Brit. M. J., 1959, 1: 821-823 


A technique designed to produce relaxation and general analgesia or “‘amnal- 
gesia” in cataract operations, without heavy sedation, intubation or respiratory 
embarrassment, is described. Since 1956, this technique has been used in 155 
cataract extractions and has given conditions for both patient and surgeon com- 
parable to those obtained with general anesthesia. 

Ninety minutes before operation, the patient is given chlorpromazine 25 mg. 
intramuscularly, methylpentynol 500 to 750 mg. per os, and cocaine drops every 
5 minutes, to the cornea. He comes to the operating room conscious and usually 
calm and cooperative. The analgesic gas is delivered by means of a stiffly flexible 
rubber-lined tube which is clamped at shoulder level to the side of the table 
and then connected to the Boyle’s machine. The nozzle of the delivery tube is 
so adjusted that it is 1 inch above the chin and directed at the nasal septum. 
Neither the tube nor the towels touch the lower half of the patient’s face. Nitrous 
oxide at 6 liters a minute is turned on. Meperidine 15 to 25 mg. is then injected 
intravenously. After 3 minutes the surgeon gives the local anesthesia: (1) 1.5 ml. 
of lidocaine 2.0 per cent with adrenaline 1 in 80,000 and hyaluronidase, placed 
within the cone of the rectus muscles; and (2) 1 ml. of lidocaine at the outer 
orbital margin. Gallamine triethiodide (Flaxedil) is then slowly injected intra- 
venously, the initial dose being 8 to 16 mg. This muscle relaxant is preferred to 
d-tubocurare because less respiratory depression is seen in the dosages used. The 
facial expression is watched; it becomes relaxed, often mask-like. More gallamine 
may be required. Oxygen, 2 liters per minute, is then added to the nitrous oxide 
and the corneal incision made. The muscle relaxant, the preoperative chlor- 
promazine, and the retrobulbar lidocaine all combine to produce a very soft 


* From Survey of Anesthesiology, 4: 552-553, 1960. 
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eye. Postoperatively, nausea, vomiting and restlessness rarely are seen. No com- 
plications attributable to the method have arisen. 


Comment: ‘‘There’s more than one way to skin a cat,’’ and there’s more than one way 
to do anesthesia. Various men prefer different techniques. For example, in this vicinity, 
local anesthesia alone suffices for cataract surgery. 

Where relaxation of the recti is desired, it is certainly necessary to make arrangements 
to be able to artificially ventilate the patient before the administration of a curare com- 
pound. In spite of what the author says, the editor believes that substitution of gallamine 
for curare alters this situation not one whit! 

Addition of chlorpromazine undoubtedly has a beneficial effect in prevention of post- 
operative vomiting. This is one property of chlorpromazine on which all users agree. 
Ives states that on return to the ward the patient sleeps quietly. After use of chlorpro- 
mazine, methylpentynol and meperidine, this is to be expected, and it is perhaps desirable 
after cataract operations. 

Rosert W. VIRTUE 


THE MANAGEMENT OF CATARACT SURGERY AND ITS 
COMPLICATIONS 


Morray F. McCastin 
Pittsburgh, Pennsylvania 
West Virginia M.J., 1960, 56: 230-234 


When operation for cataract is decided upon, it is necessary to determine the 
patient’s fitness for anesthesia by means of thorough physical examination. For 
general anesthesia the following tests are useful: (1) Moot’s index (100 times the 
pulse pressure divided by the diastolic pressure) is about 50 in normal persons; 
between 40 and 60 is optimal for anesthesia, and below 25 or above 75 indicates 
inadequate cardiac reserve. (2) The energy index (the first two figures obtained 
by multiplying the sum of the systolic and diastolic pressure by the pulse rate) 
is optimal between 12 and 18; below 6 or over 24 indicates serious circulatory 
deficiency. (3) Henderson’s test of vital capacity (the patient at rest, with 
nostrils pinched and mouth closed holds a deep breath as long as possible) is 
normal at about 45 seconds, good at 30 seconds, but indicates poor risk at below 
12 or 10. A history of allergy is also investigated. 

Adequate preparation is necessary regardless of the type of anesthesia. The 
author uses a combination of intravenous Pentothal and local in 99 per cent of 
his cases. Pentothal is ideal because administration can be easily adjusted to 
individual needs, but it should not be used unless a skilled anesthetist is available, 
nor should it be used if the operation is to last over half an hour. Seconal, 1.5 
gr., is given the night before operation, and 1 hour before operation the patient 
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receives Seconal, 3 gr., and Vesprin, 10 mg., intramuscularly. These are followed 
15 minutes later by Demerol, 100 mg., and atropine, 0.10 gm. The nurse prepares 
the eye in the patient’s room and applies a sterile pad. At this time, which is 
¥4 hour before operation, and at 10-minute intervals afterwards, she instills 0.5 
per cent Pontocaine. 

The eye is again cleansed in the operating room. O’Brien and Van Lint akinesia 
is used, adding retrobulbar injection of Novocain, or Novocain and Alidase, 150 
units per 20 cc. of local anesthetic. Recently we have used Fluothanel as an 
inhalation anesthetic in small children, and Avertin and ether for older children. 

A two-stage operation is used for congenital cataract, beginning with descission 
with a short small, hawk-bill-shaped knife, followed a week later by linear 
extraction. A conjunctival flap is always used over the corneal section. A mask 
or shield is placed over the eye and cuffs on the arms. 

Because of the great variation, operations for traumatic cataract are designed 
to fit individual situations. If a subluxated lens is pushed forward and the pupil 
does not dilate well, the author preplaces 3 to 5 corneoscleral sutures and fixes 
the lens at the equator by means of two spears introduced through a complete 
iridectomy ; he then extracts the lens. Chandler recommends irrigating out a lens 
which has been dislocated into the posterior chamber if it causes complications. 
When secondary glaucoma follows escape of lens material from the hypermature 
cataract through the posterior capsule, the resultant problems have to be solved 
on an individual basis. 

Operations for monocular cataract can be postponed for some time if intra- 
ocular pressure is normal and the patient’s occupation does not require peripheral 
vision on that side. Cataract extraction should also be carried out promptly if 
single binocular vision is necessary and the patient is able and willing to wear a 
contact lens at least for a few hours a day. 

a-Chymotrypsin is now used almost routinely for irrigation beneath the iris to 
dissolve the cement substance in the fibers of the zonula. If the vitreous is known 
to be fluid, the forceps or erysiphake can be applied before irrigation. Danger of 
vitreous loss or corneal damage is less if the lens is tumbled with the erisiphake, 
but simple extraction can often be performed by depressing the lip of the corneal 
section, scraping off adherent vitreous from the lens if necessary. The eye is 
irrigated with normal saline immediately after the extraction. 

If Fuchs’ dystrophy is present, cataract extraction should be postponed if 
possible because the operation tends to aggravate the condition. After successful 
glaucoma operation, a corneal section for cataract operation is placed in front 
of the bleb. 

Retrobulbar hemorrhage complicating local anesthesia is handled by means 
of pressure bandage, postponing further procedures until the hemorrhage has 
completely absorbed. Poorly fitted speculums probably are responsible for more 
vitreous loss than any other single cause. A Castroviejo lid clamp, using the 
upper-lid clamp only, plus superior rectus tendon suture for traction—or the 
latter alone—eliminates most of the danger. If fixation proves unexpectedly 
poor, the assistant can grasp one of the medial or lateral recti with forceps. Too 
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deep section in the sclera usually causes hemorrhage, which needs time to con- 
trol. A tendency for the surgeon’s hand to tremble at the moment the lens is 
grasped is not unusual in inexperienced men, who have to learn to control the 
difficulty. Poor closure of an incision usually follows inadequate attention to 
placing the sutures. A well applied, firm patch is the best preventive of post- 
operative complications. 

Delayed restoration of the anterior chamber discovered at the first dressing 
is usually due to leaking wound which has been poorly closed, too deeply placed 
sutures, or to incarceration of intraocular structures in the wound; occasionally 
it follows suppressed aqueous formation. Synechias following uncomplicated 
extraction do not cause secondary glaucoma unless they decrease the facility of 
aqueous outflow. Hughes and Owens find glaucoma is three times as frequent 
after extracapsular extraction, and relatively severe diabetes is relatively likely 
to be associated with anterior chamber hemorrhage. 

A flat anterior chamber can be tolerated for some time if the chamber is not 
inflamed and the posterior surface of the lens is healthy. A chamber found to be 
flat at the first dressing often re-forms quickly if the lips of the wound are touched 
with silver. Glaucoma occurs if bits of capsule remain in the angle of the anterior 
chamber, in case of pupillary block or persistently flat anterior chamber, or 
vitreous loss with vitreous obstructing the angle. Iridocyclitis is a usual reaction 
to operation trauma, but may persist if caused by incarceration of material in 
the incision or retained lens cortex. Endophthalmus is usually caused by endog- 
enous reactions to staphylococcus infection elsewhere. If all possible foci are 


ruled out, Chloromycetin should be given with ACTH. Retinal separation occurs 
in persons belonging to the age group which ordinarily has vascular changes. 
It is usually managed by scleral buckling and coagulation. Corneal edema usually 
means poor closure, but if it is persistent it may represent aggravation of some 
previous endothelial disease or herniation of the vitreous into the anterior cham- 
ber. 


Comment: The author is quite correct in stating that adequate preparation for cataract 
surgery is of paramount importance. Some may wonder at his routine use of Pentothal 
as an adjunct and then his statement that his patients are not intubated. Many anes- 
thesiologists would not use Pentothal without intubating the patient. However, I have 
used the author’s and his anesthesiologist’s (Dr. Thomas) technique with very satis- 
factory results in selected cases. After the full complement of nerve blocks and local 
anesthesia, the patient is given a small amount of Pentothal, a heavy suture on a curved 
needle is passed through the tip of the tongue and clamped with a hemostat. The anes- 
thetist holds the tongue with one hand and with the other injects just enough Pentothal 
to keep the patient unaware of what is going on. This is stopped as the closure is started 
and the patients frequently respond as they leave the table. Time spent in the recovery 
room is minimal, they do not have laryngeal spasm and practically never complain of a 
sore tongue, certainly not as they do about their throat if they have been intubated. 

This article is obviously written by one who has had considerable experience in intra- 
ocular surgery. The complications referred to are those seen in any large surgical practice 
and are usually kept to a minimum if his original admonition of adequate preparation of 
the patient is adhered to! 

P. Ross McDonatp 
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DACRYOCYSTORHINOSTOMY 


A Smp.uiriep TECHNIQUE 


Water MAYER 
Richmond, Virginia 
Virginia M. Month., 1960, 87: 574-576 


Because of the prevalence of dacrocystitis in Spain, dacryocystorhinostomy 
is very frequently performed. The author during several years’ residence pooled 
the surgical ideas on this procedure as performed by several surgeons, and 
developed a method which is very simple and short. 

Before arriving in the operating room, the patient is given rather heavy 
Nembutal and Demerol, and three or four plugs of cotton soaked with 4 per cent 
cocaine and 1:1000 epinephrine are placed in the affected nostril at 5-minute 
intervals. The last of these plugs is left in place until a specified time during the 
operation. 

Local anesthesia is used except for small children, since infiltrations of 2 per 
cent procaine and 1:1000 adrenaline give adequate protection against pain and 
because bleeding is decidedly less with local than with general anesthesia. The 
author injects 6 cc. of 2 per cent procaine with epinephrine over the lacrimal sac 
on the affected side and about 2 cc. at the upper and lower poles of the lacrimal 
sac. The latter injection is made with a long dental needle such as is used for 
retrobulbar injection, and is inserted to a depth of 2 to 2.5 cm. just above and 
below the palpebral ligament. Hyaluronidase is not used as it appears to in- 
crease bleeding. 

A long, curved incision about 5 cm. long is made over the lacrimal sac, be- 
ginning about 5 mm. above the lacrimal ligament and following the lower margin 
of the orbit. The incision is at once cut deep since different layers do not need 
to be identified. However, for simple sac extirpation, the ligament has to be 
identified since the sac lies just below it. 

A Mueller retractor is placed, and bleeding controlled, usually by pressure, 
but rarely hemostats may be needed if the angular vein is compromised. Using 
blunt dissection, the sac is exposed on the temporal side of the incision. The 
Mueller retractor is then replaced by a mastoid retractor, and the bone is cleaned 
of any and all remnants of periosteum so that a dry field is formed for trephining. 

The circulating nurse now removes the cocaine plug from the nostril. It has 
been left in place up to this point so that anesthesia and vasoconstriction will be 
continued until immediately before trephining. Also the last-minute return of 
normal color to the mucosa makes it easy to identify, thus minimizing acci- 
dental penetration of the mucosa or even entry of the trephine into the septum. 

The author makes his window by means of a Gutzeit trephine attached to a 
dental drill. A rectangle of bone is outlined and the trephine used to cut per- 
pendicularly until it reaches the nasal mucosa at the upper corner of the rec- 
tangle. The trephine is then slightly inclined during completion of the cut, and 
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the bone is finally removed. It is important to make the opening large enough to 
facilitate drainage and to permit subsequent maneuvers. The nasal mucosa is 
opened, the mobile flaps prepared, and a similar opening is made in the lacrimal 
sac. Three or four sutures of Davis and Geek’s 0000 black silk is used to suture 
the flaps of the mucosa and the lacrimal sac, and the mastoid retractor is re- 
placed by the Mueller retractor just before the sutures are tied. 

The skin is then closed with Arruga-type 0000 black silk running sutures, the 
lacrimal system is irrigated, and a pressure dressing is applied under an eye 
patch. 

Unless swelling is marked, the first dressing is removed after 24 to 48 hours. 
If he lives near the hospital the patient is discharged in 3 days, otherwise in 5 
days, at which time the sutures are removed. The lacrimal system is irrigated 
daily until the sutures are removed, after which time the patient does not usually 
need to be seen again. 


COMPLICATIONS 


Results have been unsatisfactory in two cases. In the first, obstruction led to 
reoperation and the discovery of ethmoid cells and a large remnant of the sac. 
In the second case, swelling of the lower lid and rhinitis were followed by un- 
satisfactory drainage. The first complication was fully corrected by the second 
operation, but after a brief period of unavailing treatment the second patient 
was lost to follow-up. 


Comments: Technique is poorly presented; dacryocystorhinostomy is not a simple and 
short procedure. Preoperative preparation poorly presented. Nembutal and Demerol are 
excellent preoperatively but rather heavy is a poor description of the dosage. My most 
critical comment is on the use of cocaine or misuse of it; 4 per cent plugs of cocaine left 
in the nostril for an indefinite period of time may be very dangerous. I have seen a fatality 
from using it in such a manner. It should be used by the operator under his direct super- 
vision and with the knowledge of how much is being absorbed. The ratio of absorption to 
elimination is the important factor. 

Local anesthesia is preferable for adults; general for babies and children. The use of 
adrenaline in the procaine does help in hemostasis but the author does not mention content 
of adrenaline in procaine solution. Site of injection is very poorly described. 

A curved incision 5 cm. in length would seem to invite a bow string contracture, but 
I guess it would have to be that long to get a mastoid retractor in (that is what the author 
uses to retract the tissues and control bleeding). It sounds like a lot of unnecessary trauma. 
There is no particular need to identify the ligament at any time either in an ectomy or 
rhinostomy and how often is a simple sac extirpation indicated? 

The author speaks of cleaning the bone of all periosteal remnants. There should be no 
remnants. The periosteum should be intact. Maintaining the integrity of the periosteum 
is most important to muscular function. “Circulating nurse now takes out cocaine plug.” 
.... She shouldn’t be working in the nose, and a cocaine plug should not be in that long 
either. Any method used to make the window is all right; saw, drills, burrs, etc., so long 
as the window is adequate. 

In making his window the author outlines a rectangle of bone, but does not say where 
it is—or give any boundaries. The author of this article closes his nasal mucous membrane 
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and sac flap with black silk. I should think he would use an absorbable material. He does 
not mention closing or joining the periosteal layer. To me this is a very important step. 
This particular paragraph (VII) is not very clear. 

I have often wondered why a pressure bandage is used—just more trauma. 

I have always felt that the less one does postoperatively the first several days, the 
better. After the first several days I think it is important to keep the intranasal window 
area under surveillance. Dried blood and debris may collect or adhesions could form. 


COMPLICATIONS 

The author mentioned in one of his complicated cases the finding of anterior ethmoid 
cells. This is not an uncommon finding and unless one studies the intranasal picture at 
time of operation he can easily go astray. In this type of case the operator may have a 
beautiful roomy window, but instead of opening into the intranasal cavity it opens into 
a big well developed anterior ethmoid cell. This of course emphasizes the great importance 
of always checking intranasally. On the whole I think that the article is poorly presented 
and procedures not well defined. 


Ketvin A. Kasper 


MECHANICAL ZONULOLYSIS IN THE SURGICAL 
TREATMENT OF CATARACT 


Rosert J. ScHILLINGER 
Los Angeles, California 


J. Internat. Coll. Surgeons, 1960, 34: 644-649 


It is the purpose of this paper to present an advancement of the Kirby tech- 
nique that is applicable to all situations in which an intracapsular extraction is 
desired, so that the surgeon need not change his plans in the midst of procedure. 
This maneuver can be accomplished by the use of the following instruments and 
technique, with the fact in mind that only the actual lens delivery is under 
discussion, not the section, irridectomy, etc. 


INSTRUMENTS 


Only two instruments are used in the delivery, a suction cup and a special 
lens spatula. Since very little suction is necessary, because minimal traction is 
exerted on the lens, the simple rubber bulb type suction cup (Bell) is used, but 
its shaft has been shortened to 21 mm. Because it is not applied from above but 
from the side, a short shaft permits the operating surgeon to rest his hand against 
the patient’s temple, using only delicate finger movements in its manipulation. 

I have modified the Green spatula (small size) by putting six extremely fine 
cuts (serrations) into its leading edge. The edge is then polished until it remains 
perfectly smooth. The serrations, however, are sufficient to engage the individual 
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zonular bundles and strip them from the lens. If the instrument is not smooth 
to the touch it will naturally cut the lens capsule. 


PROCEDURE 


The cornea is elevated with a traction suture as described by Kirby, and the 
suction cup is used applying downward traction. The spatula, with its concave 
surface facing down, is gently applied to the anterior zonular insertion and begins 
its lateral motion. As this motion is carried to the left of the lens capsule, as 
described by Kirby, one can see the crenations of the lens capsule on the right 
side. This maneuver is continued until all of the anterior zonule is separated in an 
are of almost 180 degrees. 

The procedure is now changed by reversing the spatula so that its concave 
surface faces upward, and also by lifting the lens up, and later toward the opera- 
tive surgeon. By use of extremely delicate lateral movements the posterior 
zonular layer is separated from the lens. Care must be taken to remain in contact 
with the lens, gradually lifting it out of the eye. The vitreous remains undis- 
turbed and at no time is pressure of any kind exerted against the eyeball. There 
is one occasional exception: In the event of a very strong zonule, the lens will 
not be delivered even after it has been freed to the extent of 180 degrees. In 
such an event the cornea is permitted to drop back into place, and very gentle 
pressure is applied against it with the flat surface of the spatula in the lower 
corneal region. At the same time the lens is slowly rotated back and forth while 
it is being delivered. 

This technique is very easy and rapid when the zonule is friable, and when the 
zonule is strong one can actually feel a slight grating sensation as the fibers are 
engaged and separated from the lens. It cannot be overemphasized that the eye 
must of course be soft before the section is done, as is now customary in the 
United States. This is accomplished by applying pressure for several minutes 
until the desired softness is obtained and relieving it at intervals to prevent 
circulatory complications. In the case of a senile patient, the intravenous use of 
urea is preferable to the use of pressure, for obvious reasons. If the eye is tense, 
vitreous will naturally escape as soon as an opening is made through the zonule. 


Comment: The author reviews some of the techniques that Dr. Kirby advocated. He 
does not mention whether or not he prefers the extraction of a lens maintaining a round 
pupil. There has been and always will be some controversy as to whether the sliding or 
tumbling delivery of the lens is better or easier. Actually every surgeon should be adept 
at both methods, though he may have a preference for one. 

There is no question that with the sliding technique, especially when one has done an 
iridectomy, one can judge the tension on the capsule and it is relatively easy to start 
the tearing of the zonule with mechanical means. On occasion one may have to tear the 
zonule with an instrument almost completely around the circumference. When one lifts 
the lens forward, there is frequently considerable space in the patellar fossa, at other 
times the hyaloid face may present as soon as the zonule is ruptured at 12 o’clock. One 
should have good illumination of the operative site, and it should be dry and free of 
blood before attempting mechanical rupture of the zonule. The author’s cataract spatula 
should prove of value in this maneuver. Cutler of Wilmington, has a highly polished 
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smooth spoon with fine serrations that he introduces into the patellar fossa and ruptures 
the zonule and lifts the lens out of the eye. 

Like many other techniques and modified instruments, their value lies in how the 
surgeon can use them. Mechanical zonulysis is a gratifying procedure, but should be used 
cautiously until the surgeon has mastered the technique. 

P. Ross McDonaLp 


OBSERVATIONS OF THE CONJUNCTIVAL VESSELS UNDER THE 
INFLUENCE OF SUCCINYLCHOLINE WITH 
INTRAVENOUS ANAESTHESIA* 


2 ° 
M. Hatupin, A. WAuntin, AND T. Kocu 


Department of Anaesthesiology, Sédersjukhuset, Department of Anaesthesiology, 
Karolinska Sjukhuset and Department of Photography, The Royal 
Institute of Technology, Stockholm, Sweden 


Acta anaesth. scandinav., 1959, 3: 163-171 

Nine patients, anesthetized with intravenous Narkotal combined with ni_ 
trous oxide and oxygen, were included in this series. After intravenous injec 
tion of 50 mg. of succinylcholine, manually controlled respiration was per 
formed. Photographic exposures, every 10 seconds, were begun at stage III 
plane 2 of anesthesia, just before the succinylcholine injection. Upon resump- 
tion of full spontaneous respiration, a second dose of the drug was administered 
in 6 patients. The total time of observation was 8 to 9 minutes. The field photo- 
graphed was the temporal inferior bulbar part of the conjunctiva. 

For purposes of comparison, 3 easily identifiable vessels on all the negatives 
were measured with a microscope. Before succinylcholine injection, the vessels 
were 27 to 340 uw in width, with an average of 99 uw. After succinylcholine, all of 
the patients exhibited vascular dilation in the conjunctiva, manifested as a red- 
dening. The increase in the caliber of the vessels was between 0 and 136 per 
cent of the initial width, with a mean variation of 38 per cent for controlled 
respiration and 35 per cent for the succeeding period of spontaneous respira- 
tion. After the second injection of the drug, the dilation was greater than after 
the initial dilation. This finding implied a residual dilation during resumption 
of spontaneous respiration. It was also noted that one injection resulted not 
only in dilation but also in a general increase in the vascularization of a hyper- 
emic nature. 

The doses of succinylcholine used in this experiment produced practically no 
effect on the pulse rate and only a slight (less than 20 mm. Hg) fall in the 
systolic blood pressure. 


* From Survey of Anesthesiology, 5: 15-16, 1961. 
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Comment: The authors of this paper state than many surgeons have observed striking 
hemorrhage during operations in which succinylcholine has been used, but in their bibli- 
ography they include no published reports from the literature. They note a personal 
communication, which I assume is from a surgeon. It has always been my understanding 
that, where one sees the complaints of excessive bleeding or oozing during a surgical 
procedure, there is either some pathology of the blood-coagulating mechanisms, or the 
patient is suffering from hypercarbia which, if corrected, will also correct the bleeding. 
One must always remember that, when transfusions are being given during surgery and 
anesthesia, excessive bleeding may be the very earliest sign of a transfusion reaction. 

The observations that the authors have made are quite interesting and, to my knowl- 
edge, have not been reported previously. Perhaps I have been a poor observer in that I 
have not noticed the injection and reddening of the conjunctivae in patients receiving 
succinylcholine and intravenous barbiturates. 

The authors’ measurements, as they state, “indicate consistently that intravenous 
injection of succinylcholine causes dilation of the conjunctival vessels. Different types of 
vessels might be influenced. The vascular area examined in the conjunctiva corresponds 
closely with the precapillary vessels. If the effect applies to other areas of tissue, the 
demonstrated vascular dilation and increased vascularization might well explain the 
observed tendency to increased bleeding of capillary type during operations conducted 
with succinylcholine. The observed dilation will considerably increase the cross section 
of the vessels and according to Poiseuille’s Law greatly increase the flow in the vessels.” 
I would be interested in knowing how many surgeons or anesthesiologists have noted 
increased bleeding in a well ventilated patient in whom succinylcholine is used as a re- 
laxant. 


Paut DuMKE 





NEURO-OPHTHALMOLOGY 


ALTERACIONES DE LA FUNCION DE VERTICALIDAD OCULAR. 
INFORMACIONES OBTENIDAS POR ESTIMULACION CALORICA 
DEL LABERINTO 


(ALTERATIONS IN THE FUNCTION OF OCULAR VERTICALITY. 
INFORMATION OBTAINED BY CALORIC STIMULATION OF 
THE LABYRINTH) 


M. Dewta BotTinELLI AND R. Ropriauez BARRIOS 
Instituto de Neurologia, Hospital de Clinicas, Montevideo, Uruguay 


Acta neurol. latinoam., 1959, 5: 315-332 


The conjugated vertical ocular movements are represented in the brain as 
integral parts of the centers for the lateral gaze (frontal, Broadmian’s area 8; 
occipital, Broadman’s area 19). The upper portions of these centers manifest 
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the downward gaze and the lower portions, the upward gaze, together with the 
lateral movements. Stimulation of the upper or lower portions of the frontal 
and occipital centers produces a downward or upward movement in addition 
to a contralateral sidewards movement. Stimulation of the middle portion 
provokes a contralateral deviation in the horizontal plane; and stimulation of 
the lower part, a deviation of the eyeballs and apertures of the eyelids toward 
the opposite side and upward. Pure movements of elevation or descent of the 
eyes can be produced by (1) equipotential stimulation of the corresponding points 
of both cerebral hemispheres at the same time, and (2) stimulation of the brain 
centers if there had previously been (a) section of the lateral eye muscles, (b) 
destruction of the pontine centers of the lateral gaze, or (c) total transverse 
section of the brain stem below the midbrain. 

In this investigation the patient’s head was placed in a position forming a 
30° angle with the horizontal plane of the bed. Stimulation consisted of irriga- 
tion of the labyrinth with water at room temperature or at 40° from a 20-cc. 
syringe. This test was found particularly useful in the case of the comatose 
patients in whom voluntary eye movements were not elicited. Both lateral 
and vertical movements were looked for. 

In lesions of the cortical centers or of their paths of projection voluntary 
paralysis and/or psycho-optica of the vertical gaze is observed. 

If the lesion is at the level of the midbrain (7.e., above the oculomotor nuclei), 
total paralysis, both voluntary and reflex, of the vertical gaze is noted. Either 
elevation or depression, or both, may be affected, but more frequently only the 
elevation. The mesencephalic lesion may be intrinsic or it may be due to com- 
pression of its posterior portion. 

Two clinical types of intrinsic lesions are recognized and illustrated by ex- 
amples: Parinaud’s syndrome and the syndrome the authors describe as ‘‘the 
syndrome of depression and convergence of the eyeballs.” In the former, paralysis 
of the elevation and of the convergence is present, with the eyeballs of medium 
or large size. In the syndrome of depression and convergence of the eyeballs due 
to paralysis of the elevation, the convergence is preserved and there is, on the 
other hand, a permanent position of the eyes which simulates a bilateral paralysis 
of the VI neuron pairs which disappears on administration of the labyrinthic 
stimulation test. A greater depression of the eyeballs in their lateral excursions 
as response to the labyrinthic stimulation towards one of the sides corresponding 
to the side opposite the lesion was also noted. 

Paralysis of the vertical gaze is of relative frequency in cases of compression 
of the posterior portion of the midbrain. In posterior tentorial hernia or ex- 
tensive infratentorial lesion, unilateral or bilateral paralysis of the IV pairs can 
be produced. Two cases are presented in which labyrinthic stimulation gave 
valuable information in comatose patients. In one, stimulation of the right 
labyrinth with cold water elicited a normal response. Stimulation on the left side 
produced a response of lateral deviation toward this side which was accom- 
panied by depression of the eyes, more marked in the abducted (left). On the basis 
of these responses, together with tonic movements of the left limbs, both spon- 
taneously and on stimulation, a diagnosis of posterior tentorial hernia was made. 
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In the second case, on stimulation of the left side, both eyes were displaced 
toward that side. Stimulation on the right side produced depression of the 
right eye initially and then abduction; the left eye remained immobile. This was 
interpreted as intrinsic and extrinsic paralysis of the left III pair, paralysis 
of the left IV pair (since no movement of descent or intortion of the left eye was 
observed); and paralysis of the elevation (assumed from the descent of the 
right eye as an initial response to the stimulation of this side). The diagnosis 
of cerebral hemorrhage of the left hemisphere with damage from a left posterior 
tentorial hernia was confirmed at autopsy. 

Vertical divergence of the gaze was encountered in 8 of 30 cases of lesions 
of the brain stem below the nuclei of the III and IV pairs (bulboprotuberance 
syndrome). In most of these, study of the voluntary ocular movements and 
diplopia sufficed. 


Comment: This interesting and informative paper concerns abnormalities of vertical 
ocular movements, principally on the basis of clinical observations as applied to the 
results of caloric stimulation. Palsies of conjugate vertical ocular movements are first 
considered and also a reasonable concept as regards pathways controlling vertical move- 
ments is stated. Their procedure as regards caloric stimulation in comatose patients is to 
use cold, and sometimes warm, water with the patient’s head elevated 30°. 

In considering what they believe to be intrinsic lesions they point to two types of 
abnormality of conjugate ocular movements. The first type which they illustrate and 
compare with a second type, is that which is generally observed as Parinaud’s syndrome: 
inability to look up with paralysis of convergence, and with the pupils rather often dilated 
in some degree with loss of reaction to light. With caloric stimulation there is some de- 
pression of the eyes or accentuation of depression and the eyes are moved laterally. The 
second type of case as illustrated is that type in which there is pronounced ocular depres- 
sion with inability to look up, with convergence of the eyes and consequently what sug- 
gests sixth nerve palsies. Caloric stimulation provides for lateral deviation of the eyes 
with persistence of the depression; the abducted eye moves fully outward but is relatively 
further depressed. 

They have observed compression of the posterior portion of the mesencephalon in 
transtentorial herniation. In such an instance they have observed unilateral, also bilateral 
fourth nerve palsies. They remarked upon such palsies occurring most often with upward 
herniation (cerebellum). They cited two cases. In a patient who could not cooperate 
and in whom there were indefinite signs on the left and random eye movements a caloric 
stimulation on the right produced normal lateral deviation of the eyes to that side. When 
the left ear was irrigated there was lateral deviation to that side but the left eye was 
depressed downward. This suggested to them a lesion on the right which proved to be 
correct. 

Regarding vertical gaze, they pointed out that there is association of the vestibular 
nuclei with the oculomotor nuclei and the behavior of the eyes regarding abnormalities of 
vertical movement can scarcely be explained on the basis of involvement of the nuclei to 
the extraocular muscles as an isolated involvement. They proposed that the elevator 
mechanism of one side is connected with the nucleus of the superior rectus of the opposite 
side and with the ipsilateral inferior oblique. This would explain the more pronounced 
depression of the abducted eye when the eyes are both depressed with inability to look up. 

The situation regarding skew deviation is considered by these authors. They postulate 
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a reflex connection between the inferior oblique of one side with the inferior rectus of the 
other after the manner in which we believe that the internal rectus of one side is associ- 
ated with the externus of the opposite side. That is they postulate in vertical deviations a 
mechanism which corresponds to that which provides anterior internuclear paralysis. 
Incidentally Cogan has pointed to the frequency with which in anterior internuclear 
palsy the eye on the side of the lesion is slightly higher than its fellow of the opposite 
side. The concept which these authors state is that caloric stimulation influences both 
the laterally acting and vertically acting oculogyric pathways and their case reports sup- 
ports their ideas. Further studies by these observers undoubtedly will be valuable. 
Frank B. WALSH 


PULSATING EXOPHTHALMOS CAUSED BY CAROTID-CAVERNOUS 
FISTULAS 


Hans J. Houst 


Department of Ophthalmology and Department of Neurosurgery, Ullevaal Sykehus 
Oslo, Norway 


Acta ophth., 1960, 38: 686-696 


A communication between the internal carotid artery and the cavernous sinus 
will often lead to a pulsating protrusion of the eyeball-pulsating exophthalmos. 
The cavernous sinuses, like the other intracranial venous sinuses, consist of 
venous canals derived from splitting of the dura mater. They lie on either side of 
the hypophysis and the body of the sphenoid bone. When the base of the skull 
is fractured, the sphenoid bone is often involved, and as it lies just below and 
medial to the cavernous sinus, the injury may also lead to small fissures in the 
sinus and in the internal carotid artery. 

The internal carotid artery enters the cranium through the foramen lacerum, 
proceeds obliquely forward and upward into the carotid fissure on the sphenoid 
body and into the cavernous sinus. This is the only place within the cranium 
where large veins and arteries lie close together; a mere rupture of the artery, 
either by direct injury or through rupture of an aneurysm, will be sufficient 
to give rise to an arteriovenous fistula. 

Spontaneous arteriovenous fistulas develop from defects in the artery wall, 
either congenital, traumatic or due to arteriosclerosis; it is estimated that about 
one-fourth of the carotid-cavernous fistulas arise spontaneously. The internal 
carotid artery is more disposed to aneurysms and spontaneous rupture in the 
cavernous sinus than elsewhere because of the sharp bend in the artery here and 
because the arterial walls are thinner within the sinus than elsewhere. 

The increased volume in the ophthalmic veins and the increased pressure in the 
orbital veins often cause characteristic symptoms such as exophthalmos, dis- 
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turbed vision, diplopia, headache and ocular or retrobulbar pain. The patients 
often complain of headache and buzzing, usually homolateral, before the 
pulsating exophthalmos becomes manifest. The protrusion is often pronounced 
within a few days. The bulb is usually displaced somewhat outward and down- 
ward. Exophthalmos may be bilateral, dependent on the communications be- 
tween the cavernous sinuses via the intracavernous sinus and the basilar plexus. 
There is often a characteristic bruit which is synchronous with the systole. Pulsa- 
tion of the eyeball has been described as one of the cardinal symptoms of carotid- 
cavernous fistulas in addition to exophthalmos and bruit. 

The ideal therapy for an arteriovenous aneurysm is excision of the aneurysm 
or the fistula after ligating on both sides. This is technically impossible in case 
of carotid-cavernous fistulas because of the vital structures in this region. 
The aim in these cases must be to induce a thrombus in the fistula, and this is 
done by ligating the common carotid artery or the internal carotid artery, in 
order to block the arteriovenous communication and to decrease the intra- 
arterial pressure long enough to further the thrombosis. Preoperatively the 
common carotid artery should be compressed several times daily for periods 
of from 1 to 10 to 15 minutes to stimulate the collateral circulation. Otherwise 
there is danger of hemiplegia with a fatal outcome in older patients. The usual 
procedure is to ligate the common carotid first, and if necessary the internal 
carotid somewhat later. ‘“Trapping of the aneurysm” consists of ligation of the 
ophthalmic artery as well as cervical and intracranial ligature of the carotid. 
None of these operations are without risk. 

A series of three cases is presented. In the first case, a man of 52 years, there 
was pulsating exophthalmos with a strong bruit and buzzing on the left side. 
The patient became symptom-free 3 years after ligation of the common carotid 
artery. Case two was a 52-year-old woman, with a carotid-cavernous fistula of 
traumatic origin, with buzzing immediately after the injury, a fall on the cellar 
stairs so that her forehead hit against the wall. There was gradual improvement 
of the symptoms after ligation of the internal carotid artery, through a very 
weak bruit could still be auscultated 11 weeks after the operation. 
The exophthalmos receded, but there was still abducens palsy on the left side 
and a slight ptosis O.S. The third case, a woman of 61, had a head injury 5 
years previously. During the year before consultation she noticed a moderate 
buzzing, and gradually additional symptoms developed. This patient probably 
suffered a spontaneous rupture, possibly due to an aneurysm developed after 
the injury. After daily compression of the right common carotid artery the 
typical bruit disappeared. Conjunctival congestion led to the making of a second 
carotid angiography. Four weeks after ligation of the common carotid the 
patient was practically without symptoms. 

All 3 cases were treated by ligation of the common carotid artery; in cases 1 
and 3 this led to disappearance of symptoms and in case 2 there was considerable 
improvement 11 weeks after operation. 


Comment: This series is unusual in that all 3 patients are more than 50 years old. This 
may explain why all seem to be doing well after what is generally found to be a minimal 
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surgical procedure. The patient’s cerebrovascular status is a major factor in the response 
to treatment. Adequate evaluation however must await a follow-up period longer than 
the 4 or 11 weeks offered. 

In reviewing the available literature on carotid-cavernous fistulae it is pertinent to 
remember that many series were collected from sources which do not contain sufficient 
information about ocular complications such as visual function loss and glaucoma. In 
addition follow-up data, for the evaluation of patients “improved” but not cured, is rare. 
It is unlikely that these lesions can remain static as long as any arteriovenous communica- 
tion exists. They can either close by secondary thrombosis, or progress at variable rates. 
Long-term follow-up of such cases is necessary to permit evaluation of the several differ- 
ent treatment techniques available, since no single one is entirely satisfactory. 

Martin Lusow 





PEDIATRIC OPHTHALMOLOGY 


PREVENTION OF RETROLENTAL FIBROPLASIA 


EDITORIAL 


M. Nort Stow 


M. Ann. District of Columbia, 1960, 29: 503-504 


Dr. Stow, in his editorial, has given a concise resumé of the evolution of 
retrolental fibroplasia (RLF). He has given the background of the nursery and 
animal studies that ultimately incriminated the over-use of oxygen as the 
principal cause of retrolental fibroplasia. The author has pointed out that 
“there are no always or nevers”’ in medicine and has applied this principle to the 
problem of RLF where rare cases have occurred when no supplementary oxygen 
was administered. 

Dr. Stow’s article refers to inquiries that the National Society for the Pre- 
vention of Blindness has received in reference to RLF. These inquiries have 
asked when the knowledge that uncontrolled use of oxygen might produce RLF 
became generally available to the profession and hospitals. He stresses the 
recommendations made by investigators who have documented the toxic effects 
of oxygen on the premature infant. He calls attention to the responsibility of the 
pediatrician and also to hospital administrators to require the use of oxygen 
analyzers to measure accurately the oxygen concentration in the incubator. His 
editorial lists in chronological order many of the key studies that have been 
performed on the role of oxygen in this disease. 


Comment: Dr. Stow, in his editorial, did not attempt to give a complete bibliography 
of all the work done on oxygen in retrolental fibroplasia. He, however, has selected data 
that have become readily available in this country and abroad and has used this informa- 
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tion to justify his recommendation for rigid control of the administration of oxygen in 
the nursery. Retrolental fibroplasia, which he points out became the largest cause of 
child blindness, actually in some areas became so prevalent that it was greater than all 
other causes of child blindness combined. Now that oxygen has been incriminated, the 
mystery of why this disease appeared first in the large teaching hospitals and better 
equipped medical centers, is now solved. It is apparent that these institutions employed 
the more efficient incubators that permitted a higher oxygen concentration to be em- 
ployed. Fortunately, with the recent policy of avoiding the over-use of oxygen, this once 
dreaded affliction of premature infants has now been virtually eliminated. Dr. Stow has 
prepared an excellent editorial and again reminds those responsible of the dangers in 
failing to control carefully oxygen usage in the premature nursery. 
ARNOLD Patz 


THE EVALUATION OF PREMEDICATION IN CHILDREN* 


A. G. Dovueuty 
Kingston-on-Thames, England 
Proc. Roy. Soc. Med., 1959, 52: 823-833 


The trend in premedication for children appears to be away from basal 
narcosis and toward light sedation. At the same time, there is an increase in 
the use of intravenous induction of anesthesia in preference to inhalation tech- 
niques. The ideal premedication for children would allow the child to submit 
to venepuncture without apprehension, movement or crying, and at the same 
time would not be associated with respiratory depression or postoperative 
vomiting or agitation. This paper suggests a number of factors which must be 
considered in evaluating preoperative sedation in children. These factors and 
their divergent interpretations are illustrated by the results of a clinical study. 

A series of 318 children ranging in age from 2 to 12 years, mostly undergoing 
adenotonsillectomy under general anesthesia, were premedicated by 1 of 3 
methods. One-third were given only atropine 0.6 mg. by injection 30 minutes 
preoperatively; this group was intended to be the unsedated control. One-third 
were given Pantopon and scopolamine on a mg. per kg. dosage basis by injection 
90 minutes before operation: the remaining third were given methylpentynol 
and scopolamine by mouth on a mg. per kg. basis 90 minutes preoperatively. 

The premedication was classified as satisfactory or unsatisfactory with respect 
to each child’s general conduct in the anesthetic room, to his response to the vene- 
puncture and to the presence or absence of hand withdrawal after the injection. 
Children in the methylpentynol-scopolamine group showed a significantly more 
satisfactory behavior in the anesthetic room than those in the other groups. 


* From Survey of Anesthesiology, 4: 563-564, 1960. 
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There was no significant difference among the groups in response to venepunc- 
ture, but the methylpentynol-scopolamine group showed less hand withdrawal. 
Taken as a whole, methylpentynol-scopolamine appeared to be significantly 
superior for children, though 57.5 per cent of the group that received atropine 
only were judged to be premedicated satisfactorily by the rather rigid standards 
employed. 

In a study of age in relation to behavior, it was only in the unsedated children 
that improved behavior was found to be associated with increasing age. Ex- 
posure to the psychic trauma of seeing other children being taken from the 
operating room had no apparent effect on the behavior of any of the groups. 
Respiratory depression during operation was found only in the Pantopon- 
scopolamine group. No striking differences in incidence of postoperative vom- 
iting were noted; restlessness and crying were somewhat less common in pa- 
tients premedicated with Pantopon-scopolamine. The nature of the inhalation 
anesthetic drug appeared to be more significant than the premedication in the 
incidence and type of postoperative discomfort. On the day after surgery, 70 
to 80 per cent of the children in all groups either had amnesia for, or no un- 
pleasant memory of, the venepuncture. 

From the results of this survey, support can be derived for any of the three 
forms of premedication, depending on what criteria the observer considers im- 
portant and on what bias he interprets the results. 


Comment: This meticulous study of preoperative sedation is one of the finest I have 
seen, and illustrates what vast improvement has taken place in this field of clinical in- 
vestigation within a very few years. Most of the essential points for such a study have 
been observed. The number is adequate; the observer was not aware of the identity of 
the drug observed; age differences and dosage-response variations were considered; a 
good control series was run; and statistical cross-analyses were carried out carefully. 

The results of the study are a bit disturbing, for they show that conclusions must be 
interpreted from a personal point of view, and that at present our best sedative combina- 
tions yield only about 75 to 80 per cent satisfaction. 

The task that lies ahead appears almost insurmountable if we are to evaluate in this 
manner the scores of sedatives and tranquilizers that now threaten to engulf us. The 
most effective dose of each must first be established, then each drug should be appraised 
as used alone, then as used in practical combinations. In addition, the side reactions and 
toxicity of each drug must be determined. 

Before undertaking a venture that promises such a poor return, we should bear in 
mind two considerations. As quoted by Gusterson in his discussion of this paper, “the 
real advance in preparation of children is not so much the technique as the fact that the 
anesthetist is taking this amount of trouble with the children;’’ most of the present 
sedative routines prove satisfactory in about 75 per cent of patients when anesthesia is 
administered by a compassionate person. 

Secondly, if we wish better results than this, our search probably should not be for a 
better drug, but for a more accurate method of administering those already at hand. 
The method now used of choosing a dose by body weight, and then giving it in a single 
all-or-none injection is extremely crude, and hardly seems in keeping with the fine method 
of analysis used in this paper. Far greater degrees of perfection are obtained easily by 
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using known drugs in divided doses, administered in accordance with the response of 
each individual. 


R. M. Smits 


CONSIDERATIONS IN THE CHANGING MANAGEMENT 
OF PEDIATRIC ANESTHESIA* 


R. AMENT AND C. B. MiscHKA 


Buffalo Children’s Hospital and University of Buffalo School of 
Medicine, Buffalo, New York 


New York J. Med., 1959, 59: 3589-3594 


Changes in management have taken place more slowly in pediatric anesthesia 
than in anesthesia for adults. Nevertheless, it has become increasingly apparent 
that, if properly handled, most of the drugs used in anesthetizing adults can 
also be used in anesthetizing children. A review of the last 10 years of experi- 
ence in the changing management of pediatric anesthesia at the Buffalo Chil- 
dren’s Hospital reveals several salient features: 

1. In general, the successful preoperative preparation of the child is accom- 
plished best by a positive approach in a cheerful atmosphere free from parental 
anxiety, and not by drug depression. 

2. A well balanced combination of drugs, including succinylcholine for intuba- 
tion, is just as valuable in pediatric procedures as it is in operations on adults. 

3. Endotracheal techniques greatly facilitate pediatric surgical procedures, 
and when skilfully used cause only minimal complications. 

During the period under review, 23,186 patients were given anesthetics for 
adenotonsillectomy: in 12,000 of these during the last 5 years, endotracheal 
techniques were used. The endotracheal tube in no way obstructed the working 
space of the surgeon; in fact, visualization was improved and a quieter operative 
field was obtained more readily. 

In handling the tonsillectomy patient who experiences postoperative hemor- 
rhage or shock, or both, the anesthesiologist plays a critical part. The prevention 
of aspiration and a militant approach to the treatment of shock both fall within 
his province. Inhalation anesthesia, preferably with cyclopropane, has been the 
authors’ choice in this precarious situation. The endotracheal tube always is 
kept in place at the end of the procedure to maintain oxygenation until the 
inevitable massive regurgitation of old blood has occurred and the pharyngeal 
reflexes are again active. In the 23,186 adenotonsillectomies, there were no anes- 
thetic deaths. One 8-year-old child died from hemorrhagic shock during a third 


* From Survey of Anesthesiology, 4: 565-566, 1960. 
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attempt to control adenoid bleeding 20 hours after the initial operation. Two 
patients underwent cardiac massage after cardiac asystole, and in each patient 
recovery was complete. 

During the same 10-year period, 2800 plastic procedures involving the head 
and neck were performed :810 for harelip, 590 for cleft palate and 412 for otoplasty. 
Probably in no other surgical situation is the insurance of a patent air- 
way throughout the operation so vital. Before the development of nonbreathing 
techniques, in which endotracheal tubes are used, the repair of cleft palates and 
lips was accomplished at this hospital with several combinations of anesthesia, 
none of which was adequate or completely safe. In this series, combinations of 
inhalation anesthetics administered by endotracheal techniques were used for 
2700 of the 2800 patients undergoing plastic procedures, the oral route being used 
for the lips and the nasal route for most of the palates. Anesthesia was induced 
with vinyl ether or cyclopropane and the patients were intubated. Anesthesia 
was maintained with a nitrous oxide-ether mixture for which a reservoir breath- 
ing bag and a nonrebreathing valve with a continuous flow of gases of from 
4 to 8 liters were employed. Since these endotracheal techniques have been 
used to manage the airway in head and neck surgery, only one death has oc- 
curred, that of a 4-month-old baby with a large hemangioma on the left side of 
the neck, in whom massive bleeding occurred throughout the operation. One 
prophylactic postoperative tracheotomy was performed on a patient in whom 
subglottic edema developed, probably as a result of a tight endotracheal tube. 
This tracheotomy was the only major complication in the 20,000 procedures 
carried out during the last 10 years with endotracheal techniques. Subglottic 
edema of serious proportions developed in 3 other children, but the use of steam, 
Alevaire, and rectally administered pentobarbital brought relief of the symptoms 
in a few hours. 


Comment: This article is an excellent example of the careful attention that is being 
shown to children in many parts of the country. It is certainly true that endotracheal 
intubation, nonrebreathing techniques, and muscle relaxants can tremendously facilitate 
anesthesia and surgery. In reading a paper such as this, I am inclined to think that the 
reasons for the authors’ success entail considerably more than the introduction of these 
methods. The impressive feature lies in the sincere interest that is being taken in the 
individual child as a patient. This interest is especially evident in the preoperative manage- 
ment, where a personal approach is substituted for heavy medication, and induction of 
anesthesia is both peaceful and physiological. 

Similarly, during maintenance of anesthesia, it is not only the use of new techniques 
but also the greater understanding and concentration upon the well being of the patients 
that make the difference. Signs of cardiorespiratory function, anesthetic depth, fluid 
balance and temperature control are zealously observed; after operation, the children 
receive a degree of care unknown a few years ago. The statistics offered in this paper are 
significant. They give evidence, not only of better methods in pediatric anesthesia, but of 
an entirely different personal approach to this expanding field. 

R. M. Sire 


SURVEY OF OPHTHALMOLOGY 
RHABDOMYOSARCOMA IN CHILDREN 


DONALD PINKEL AND JOHN PICKREN 
Buffalo, New York 
J.A.M.A. 1961, 175: 293-298 


Within 3% years 16 children with rhabdomyosarcoma have been admitted 
to the Roswell Park Memorial Hospital. In this institution different types of 
childhood cancer now occur in the following order of frequency: leukemia, 
neuroblastoma, rhabdomyosarcoma. 

The tumor occurs in or near striated muscle and is typically neither hard nor 
large. It infiltrates locally and metastasizes, most often to the lungs, but more 
often to the bones than to other regions. When it grows at or near the surface it 
resembles a bunch of grapes and is called “botryoides.”’ 

In adults pleomorphism is characteristic, the predominant forms being round 
cells, racket-shaped cells with single nuclei near one end, and strap-shaped 
cells with two nuclei in tandem. In children small round and spindle cells resem- 
bling embryonic mesenchyme are typical. Edematous stroma and dilated 
vessels may make botryoid sarcoma suggest myxoma or hemangioma. 

Clinically rhabdomyosarcoma occurred in this series equally in boys and 
girls, and ages ranged from birth to 15, usually under 6 or over 13. In 12 of 
16 cases, correct diagnosis was made a month or more after the first visit to the 
physician. In 9 instances the first diagnosis was erroneous; in 6 instances the 
diagnosis was benign tumor and in three some other type of cancer. The most 
frequent site was the head, followed by the extremities, the urogenital system, 
the neck, and the trunk. Rapid local infiltration was the rule, and metastases 
were present in 14 cases. Bone marrow studies were positive in 3 cases, in 1 of 
which the x-ray had been negative. 

The method of treatment was determined by the site and extent of the tumor. 
In one case radical excision was feasible, but the patient died of lung metastases 
5 months after operation. In 9 cases limited excision was performed, but in 
3 wide excision might have been carried out had the surgeon appreciated the 
nature of the tumor. One child had radiation therapy and systemic actimomycin 
D, 2.4 mg. per meter of body surface daily for a week after operation, and has 
apparently been free from disease for 21 months. In another case similar treat- 
ment caused a tumor to regress enough so that radical excision became practical; 
this child has been free from symptoms for 2 years. In 3 of 5 cases, x-ray alone 
caused temporary regression, and actimomycin caused regression in 3 of an- 
other 5 cases. Of 9 children given actinomycin without x-ray, the tumor re- 
gressed in 1. Cyclophosphamide caused brief remission in 5 cases, but no other 
experimental drug proved useful. Median survival of the 16 patients was 12 
months after onset, but 3 appeared to be well for 35, 21, and 11 months after 
onset. 
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Earlier diagnosis may lead to better prognosis. Radiation therapy leads to 
amelioration in some cases and has been reported to cure the lesion in two 
instances. Several investigators have reported favorable effects from actinomycin 
D. While these drugs cannot as yet be evaluated, administration of actinomycin 
D or cyclophosphamide, or both, can be recommended for the purpose of render- 
ing an inoperable case operable. Since the drug is highly toxic, actinomycin D 
should probably not be given after operation unless the prognosis is otherwise 
poor. These drugs should not be given unless the physician is throughly con- 
versant with their pharmacology. 


(For editorial comments, see after the following item.) 


RHABDOMYOSARCOMA 


EDITORIAL 


J.A.M.A., 1961, 175: 319 


Rhabdomyosarcoma, a malignant tumor of striated muscle, has received 
little attention from clinicians, but its lethal nature and the many problems of 
diagnosis and treatment that it presents are attracting increasing study. 

Early in its course, rhabdomyosarcoma in children may appear as a relatively 
well demarcated, firm, but not hard, nodule in soft tissue or as a polypoid 
structure (sarcoma botryoides) at the external ear, nasopharynx, vagina or 
some other orifice or lumen. The first delay in diagnosis may occur when the 
physician pronounces that this lesion is benign and he ‘‘will follow it.’’ Then, 
as the tumor grows and the alarm is sounded, a biopsy is made, and the second 
delay in diagnosis may ensue. The pathologist may be confused, especially if 
the tumor is the botryoid sarcoma. His reference books are of little help. They 
chiefly contain arguments as to whether sarcoma botryoides should be called 
rhabdomyosarcoma, mesenchymoma, or dysontogenesis. Eventually, the pa- 
thologist or clinician inquires about the age and symptoms of the patient, 
the site and gross appearance of the tumor and its natural history to date; he 
looks at the histological sections and any pertinent roentgenograms; he relates 
his findings to similar findings in past cases, and finally he gives the correct 
diagnosis and prognosis. 

By this time it is often too late for radical surgery—the only kind that offers 
any hope to the patient. In fact, the location of these tumors in such sites as 
the head and neck, hip, thigh, and urogenital region may make successful 
surgery impossible even in early lesions. 

fadiation therapy may produce temporary palliation in about one-half 
of patients with rhabdomyosarcoma, but it is not considered curative. The 
prognosis, then, in children with rhabdomyosarcoma is poor indeed unless 
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the tumor is situated distally on an extremity and is treated by prompt and 
radical surgery. 

A communication published elsewhere in The Journal (p. 293)* confirms this 
unhappy prognosis. However, the situation is not hopeless. Recently, actinomycin 
D has proved beneficial in treating some children with rhabdomyosarcoma; in 
one patient reported on it produced sufficient regression of the tumor to allow 
radical surgery. It is possible that other anticancer drugs now under study may 
have similar effects in those patients whose tumors are refractory to actinomycin 
D. Such facts and possibilities predicate the urgency of early diagnosis and 
referral, since present anticancer drugs are at best of palliative value only, 
once the malignancy has become widely disseminated. 

Another observation reported in the communication is the finding of 
rhabdomyoblasts in bone marrow aspirates from three of these children. The 
cells varied from highly anaplastic “blasts” reminiscent of acute leukemia to 
differentiating, multinucleated cells giving rise to coarse fibers. In neuroblastoma 
of children, the presence of malignant cells in bone marrow aspirates is more 
commonly noted than it is in rhabdomyosarcoma; but in both instances this 
indicates metastases of the bone, and surgical attempts to remove the primary 
are not indicated. Before subjecting them to surgery, bone marrow studies 
should be made in all children with malignant tumors. Since marrow invasion 
and replacement by tumor tissue may be associated with greater susceptibility 
to the leukopenic and thrombocytopenic effects of x-radiation and anticancer 
drugs, such study, also, should precede administration of x-ray therapy or 
anticancer drugs. 

Obviously, more inquiries into the fundamental nature of rhabdomyosar- 
coma—clinical, biological, physical, and chemical—must be forthcoming. 


Comment: The frequency of rhabdomyosarcoma, a tumor principally of children, has 
only been appreciated in recent years. This is due to a better recognition and appreciation 
of its pleomorphic cytology which formerly was either relegated to the disease group of 
round-cell or anaplastic sarcoma, or mis-diagnosed as reticulin-cell sarcoma or neuro- 
blastoma. Now it is believed to rank about third in the incidence of childhood cancer 
(leukemia, neuroblastoma, rhabdomyosarcoma). 

In ophthalmology we encounter this tumor in the orbit where, in our series at the 
Eye Institute, New York City, it ranked third among primary orbital tumors. 

When these tumors occur in the orbit the prognosis is far from hopeless if the diagnosis 
by biopsy is made early and adequate surgery (exenteration) done. The authors give an 
impressive report on the possible additive value of chemotherapy. They recommend the 
use of actinomycin D, or possibly cyclophosphamide, for treating inoperable tumors in 
the hope of effecting sufficient regression to render them operable. 

From the same issue of the J.A.M.A. there is reprinted above an editorial on rhabdo- 
myosarcoma in which the importance of early diagnosis is stressed. The frequent delay 
in the appreciation of the early symptoms and signs, and the establishing of the correct 
diagnosis, often makes effective treatment impossible. 

ALGERNON B. REESE 


* See preceding abstract, p. 460. 
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PHARMACOLOGY 


POSTERIOR SUBCAPSULAR CATARACTS INDUCED BY CORTI- 
COSTEROIDS IN PATIENTS WITH RHEUMATOID ARTHRITIS 


Rocer L. Biack, Ricwarp B. OGLEsBy, LupwiG von SALLMANN, AND 
JosEePH J. BUNIM 


Bethesda, Maryland 


J.A.M.A., 1960, 174: 166-171; Editorial Comment, 175 


Posterior subcapsular cataracts (PSC) are usually associated with toxic sub- 
stances, posterior intraocular disease, ionizing radiation, or blunt trauma, and 
are easily distinguishable from senile cataracts. Observations of PSC in 4 patients 
with none of the usual causative factors but receiving corticosteroids led to a 
survey disclosing that 39 per cent of those receiving corticosteroids for rheuma- 
toid arthritis and none of those. not receiving this medication had posterior 
subcapsular cataracts. 

Of 66 patients with classic established rheumatoid arthritis, 47 received corti- 
costeroid therapy and 19 did not. Dosage and duration of corticosteroid medication 
was determined, and also information was gathered on intake of milk or calcium 
supplements, exposure to radiation, and other possibly influencing factors. The 
eyes were examined thoroughly at least once and preferably two or more times 
at 3- to 6-month intervals. 

Seventeen of those who had received steroid therapy and none of the controls 
had PSC. The opacities occurred in the polar region of the lens just anterior to 
the posterior aspect of the capsule. When observed through the ophthalmoscope 
by transillumination, they appeared as small dark blots against the red fundus. 
Of the 17 with PSC, 10 were below the age of 50 and all but one under 60. Corre- 
lation between the stage or duration of the arthritis and the PSC was poor. 
However, low dosage or short-term treatment with corticosteroids was not 
associated with PSC, but 36 per cent of those receiving the medication from 1 to 
4 years, and 69 per cent of those treated longer had the lens lesions. Only 23 
per cent of those receiving low doses, and 75 per cent of those receiving high 
doses had PSC. Salicylates, antimalarials, phenylbutazone, gold, androgens, 
estrogens, or high calcium diet did not correlate with PSC. While abnormalities 
in blood glucose and in cholesterol and calcium levels were observed in some 
cases, they occurred without relationship to the presence or absence of PSC. 
Subcutaneous nodules were noted in 71 per cent of those with PSC and in 52 
per cent of those without cataracts. Arthritis was found in the six tested who 
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had PSC but in only half of those tested who did not have cataracts. No other 
clinical differences were noted. 

In 11 of the 17 cases with PSC, opacities were clearly visible by ophthalmoscope 
with transillumination, but blurred or foggy vision was reported by only 6 of 
these patients when first examined. Corrected vision was 20/20 in all except one 
with retinal detachment in one eye. Vision deteriorated somewhat in a few cases 
during the next 444 months, and other eye changes remained minimal. Incidental 
observation of 4 other cases with nonrheumatic arthritis gave confirmatory evi- 
dence. No other disease associated at times with cataract were present in these 
cases. PSC progressed despite withdrawal of the medication. 


EDITORIAL COMMENT 


During the 11 years since corticosteroids have been in use, an increasing list 
of untoward effects and an even larger list of minor undesirable effects have ac- 
cumulated, chiefly during the first 2 years. The PSC described in this paper 
may be difficult to differentiate from senile cataract. Kirby in 1927 found pos- 
terior cortical cataracts in 1.7 per cent of 7,950 patients. This report on PSC, 
like others, emphasizes the importance of low maintenance doses of corti- 
costeroids. 


Comment: It is important to know the side effects of a medication; the cure should 
not be worse than the disease. Rheumatoid arthritis has a normal incidence of certain 
ocular conditions including posterior subcapsular cataracts (PSC), Sjégren’s syndrome, 
iritis, and scleromalacia. We do now know the normal incidence of these ocular complica- 
tions in rheumatoid arthritis. It is impossible to discuss side effects due to a medication 
unless one knows their normal incidence. Further, in certain conditions such as cataracts, 
the incidence varies with age, normally. Recently, in one week I saw four PSC lenses in 
rheumatoid patients who had never had steroids; included was a female who had been 
so diagnosed by another ophthalmologist 5 years ago before she was 40. Her vision still 
corrects to normal. The rheumatologists are so accustomed to seeing these ocular con- 
ditions that they tend not to refer them to ophthalmologists. In a recent discussion with 
one of them, he expressed surprise that I had not seen many cases of scleromalacia, as 
he apparently had. 

Kirby’s statistics on cataracts were published in 1927 at a time when he said of the 
then very cumbersome slit-lamp, “the use of this instrument has grown to be almost 
routine by the author.” His figures had been collected over the preceding years; and 
were not all based on slit-lamp examinations. They are no longer valid in the light of 
greater experience gained by competent examiners using excellent equipment. Every 
practicing ophthalmologist knows that the percentage of posterior subcapsular opacities 
seen in cataracts requiring removal in which the posterior lens surface is visible, is nearer 
to 75 per cent than 1.7 per cent. 

The group of patients examined by me for Freyberg and Kammerer (including about 
a dozen in company with two of the authors of the Black et al. paper) approximated in 
numbers that group reported by Black et al. Our figures for PSC in both the long and 
short term therapy groups were 9 per cent; and these in the age groups where one normally 
finds cataracts. Our cases, not associated with uveitis, also presented concomitant nuclear 
or cortical changes or both. A number of other ophthalmologists have cooperated in 
examining such cases with roughly the same incidence of PSC—9 per cent. 
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Statistics are important only when properly employed. I am told that it is possible to 
draw valid conclusions from small numbers; but only if consecutive cases are not used. 
That is, if say every sixth case is taken—40 some cases then might be statistically im- 
portant—whereas 40 some consecutive cases might not be. 

Since some of the other side effects such as peptic ulcers, which have been attributed 
to steroids, are known to occur normally in fair percentages in nonsteroid treated rheuma- 
toids, it might be wise to examine the eyes of a large series of untreated rheumatoids in 
all age groups before discussing the effects of any medication on their lenses. Let’s comb 
the woods closely before crying “wolf.” 

Dan M. Gorpon 


THE EFFECT AND INTERRELATION OF TESTOSTERONE, 
CORTISONE, AND PROTEIN NUTRITION ON WOUND 
HEALING 


CHARLES W. Pearce, N. CHANDLER Foot, AND GreorGE E. WANTz, JR. 


New York, New York 
AND 


GeorcE L. JorpAN, Jr., AND Sam W. Law 
Houston, Texas 


Surg. Gynec. & Obst., 1960, 111: 274-284 


Factors responsible for the deleterious effects of protein depletion on wound 
healing have been extensively studied. Recently reduction in staining reactions 
and in sulfation of mucopolysaccharides of the ground substance of wounds in 
depleted animals has been associated with reduced tensile strength and reduced 
collagen formation. These factors have been observed following cortisone ad- 
ministration, but the effects of testosterone on wound healing have not been 
studied. The present study is designed to clarify the effects on wound healing of 
cortisone, testosterone, protein depletion and repletion, and of combinations of 
these factors. 

One hundred thirty-two young male rats were divided into three groups, one 
nondepleted, one depleted, and one depleted before operation and repleted after- 
ward. Each group was studied after receiving normal saline given to the control 
subgroup and cortisone, testosterone, or combinations of the two given to three 
other subgroups. 

In nondepleted animals receiving cortisone, 5 days after operation tensile 
strength was half that of controls and body weight had decreased 16 per cent. 
Impaired wound healing was evidenced by reduction in the number of fibro- 
blasts, retarded reticulum and collagen formation, and smaller amounts of 
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mucopolysaccharides. By the 10th day these changes were greatly reduced. 
When animals in this group were given testosterone, wound tensile strength was 
greater at 5 days than in controls and body weight increased 17 per cent. New 
vessel formation, fibroplasia, and reticulum formation equalled, and collagen 
formation excelled, those of controls. After 10 days the relative benefits of 
testosterone were no longer evident. When both hormones were given, tensile 
strength at 5 days was the same as in animals given cortisone alone; collagen 
formation was impaired, reticulum predominant, but fibroplasia was plentiful. 
Metachromasia and colloidal iron staining were greater than in controls and 
comparable to those in testosterone-treated animals. At 10 days these factors 
were comparable to those in other groups. 

Protein depletion had an extremely deleterious effect, which was not improved 
on the 10th day. Cortisone made no difference in this picture at 5 days, but 
weight loss stopped at 10 days and tensile strength was greater than in controls. 
Testosterone prevented further weight loss after 5 days, but did not improve 
tensile strength. At 10 days tensile strength was comparable to that in controls. 
A combination of the two hormones minimized weight loss at 5 days, but tensile 
strength was more severely impaired than in animals receiving testosterone 
alone. Neither cortisone nor testosterone significantly altered the microscopic 
picture in depleted animals. 

Repletion of protein after operation led to rapid weight gain in controls, but 
no improvement in tensile strength until the 10th day, when wounds resembled 
those of nondepleted animals. Cortisone did not, but testosterone did, improve 
tensile strength and collogenesis, but the effect was not sustained. Impaired 
wound healing when cortisone or cortisone plus testosterone were given was 
comparable to the effects in nondepleted animals. 

Mucopolysaccharides appear to be increased in wounds of nondepleted rats, 
and cortisone and testosterone did not appear to change the concentration. In 
nondepleted and repleted animals, cortisone reduced colloidal material at 5 days, 
but not testosterone. The combination of hormones increased mucopolysac- 
charides but did not change collagen formation or tensile strength. 


Comment: The clinical importance of wound-healing problems requires the continuing 
attacks which are made on them, even though they must be made on an infinitely com- 
plicated system. Pearce and his colleagues have chosen what may be described as an 
essentially nutritional, or metabolic, approach to the understanding of the physiology of 
wound healing. It has been well established that some androgens have a distinctively 
anabolic action in protein metabolism, whereas the deleterious effect of cortisone on 
protein metabolism concerned in body growth is well known. The authors have assessed 
the state of the healing wounds by means of several techniques, and have made a valiant 
attempt at quantitation and correlation of changes in body weight, wound tensile strength, 
and the staining reaction of sections of the healing areas. This last facet of their study, 
although of prime importance, is unfortunately the least susceptible to quantitative 
analysis. Although some effects of both steroids were reported, it seems evident that their 
effects were somewhat peripheral, in that they were demonstrable early in the healing 
process, but that by the 10th day an “adaptation” of the healing tissue to the high titer 
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of steroid hormone had occurred, which negated any profound effect at these later stages. 
Wound healing processes have an essential metabolic stability of their own which can be 
preserved in an altered body economy, as if the healing of a wound possesses a high 
priority in claiming immunity from factors that otherwise influence the metabolism of 
the injured tissues in their normal state. This immunity is obviously not sufficiently 
strong to protect the healing process from general protein depletion sufficient in degree to 
cause a 20 to 30 per cent loss in body weight. If the adaptive mechanisms (synthesis of 
“adaptive enzymes”?) of cells engaged in healing is of fundamental importance, the 
problem of wound healing may finally yield to investigations on a cellular basis. 
Grorce K. SMELSER 


OCULAR LESIONS AFTER TREATMENT WITH CHLOROQUINE 


H. E. Hospss, 8. P. Eapre, anp F. SoMERVILLE 
London, England 
Brit. J. Ophth., 1961, 48: 284-297 


In 1955 one of us (H.E.H.) saw a patient with halos due to deposits in the 
corneal epithelium. The patient was receiving chloroquine for actinic dermititis. 
Because of similar lesions reported by Mann in 1947 as occurring in the eyes of 
workers in an atabrin plant, chloroquine treatment was stopped, and the 
opacities gradually faded. In this case no question of external contamination 
arose, and the possibility of opacification of the cornea from orally taken drugs 
was brought to our attention as needing investigation. 

We therefore examined 30 patients receiving chloroquine for various conditions, 
and found a high incidence of variable changes in the corneal epithelium. In 
patients examined repeatedly, it seemed that an initial stage of diffuse punctate 
dots passed into a stage when the deposits aggregated into converging and 
coalescing lines just below the center of the cornea, and finally reached a stage 
when deposits formed a denser, irregular greenish yellow pigmented line in the 
same area. Isolated macular spots appeared in some cases, and have also been 
noted by other workers in patients taking other antimalarials. Although deposits 
generally faded on withdrawal of the drug, some authors are uncertain whether 
reversal could be counted upon in all instances. Meanwhile 4 patients were seen 
who had serious retinal defects characterized by scotomatous vision, impaired 
night vision, peripheral field loss associated with severe attenuation of retinal 
arteries, retinal edema, and pigment disturbances. Unlike those with corneal 
deposits, this group sought medical service because of visual disturbance. 

The examination of a large group was then undertaken. High doses of anti- 
malarials are given to patients with rheumatoid arthritis and to patients with 
skin conditions, largely lupus erythematosus. We therefore selected 165 patients 
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with these conditions who were taking 100 mg. to 600 mg. of chloroquine daily, 
without variation in individual doses, and had been treated from 3 months to 6 
years. Visual symptoms were investigated, and the retina and cornea examined 
by slit-lamp and campimetry. 

In this large series, the incidence of corneal lesions was 32 per cent in those 
with rheumatoid arthritis and 36 per cent in those with skin conditions. Less than 
half had measureable loss of visual acuity and none complained of visual symp- 
toms. While lesions usually seemed to develop insidiously after long treatment, 
statistical analysis did not relate corneal lesions distinctly to dosage, duration 
of treatment, age, sex. 

Examination disclosed no patients with retinal damage except the 4 already 
mentioned, and 1 other who also came to us because of visual difficulties. In 
addition, 3 other cases are personally known to us from colleagues, and a few 
others have been reported in the literature. In 2 of these cases arterial attenuation 
and disturbed pigmentation suggested retinitis pigmentosum. In one, poor night 
vision was the first disabling symptom. A few studies using adaptometry suggest 
that this is not a useful diagnostic method for these cases. 

This form of keratopathy can therefore be considered at a toxic reaction to 
chloroquine and other antimalarial drugs, but is not specific for them. The appear- 
ance and recession of the corneal lesions with administration and withdrawal of 
the drug, and the consistent granular form of the lesions indicate clearly that the 
drugs are the causative factors. In some cases seriously blurred vision is reported. 
The nature of the deposit remains obscure, but histological examination shows 
that it is limited to the cytoplasm of the cells. The mechanism of deposit is like- 
wise obscure. The fact that not all patients respond to antimalarials in this way 
suggests variation in individual susceptibility. Some differences in response to 
different antimalarials has also been noted, but has not been explained. 

As far as is now known, the retinal changes are not reversible, but in some 
cases empirical therapy of the retinal lesions has led to some relief. All 5 of our 
cases had greatly narrowed retinal vessels, pallor of optic disks, and edematous 
or pigmented macular lesions. Apparently edema develops first and is followed 
by pigmentation. 

Treatment of the corneal lesions is unnecessary, and is of little use in retinal 
involvement. It seems therefore, that courses of high doses of antimalarials 
should be of short duration, or should be interrupted. 


(For editorial comments, see after the following abstract.) 
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OCULAR REACTIONS TO ANTIMALARIAL DRUGS 


D. J. A. REBELLO 
Cincinnati, Ohio 


A.M.A. Arch. Dermat., 1961, 83: 785-789 


Patients receiving antimalarial drugs for lupus erythematosus often complain 
of impaired vision. The physician must then determine whether the drug or the 
disease is responsible for the visual symptoms. Antimalarials are prescribed 
regularly for discoid lupus, but irregularly for systemic lupus. Eye lesions at- 
tributable to lupus are ordinarily reported only in the systemic form, but the 
cornea or conjunctiva may be involved in discoid lupus if the eyelids are affected. 

Conjunctival lesions in lupus consist of erythematous velvety plaques or 
whitish atrophic areas on the palpebral conjunctiva, sometimes with chalazian- 
like nodules. The bulbar conjunctiva may be intensely injected, with localized or 
diffuse small grayish patches. Biomicroscopy may show these lesions also on the 
cornea, either as superficial involvement or as interstitial keratitis. Punctate 
erosions and epithelial defects without vascularization have also been noted on the 
cornea. Lesions involving the parenchyma or Descemet’s membrane may inter- 
fere with vision. Retinal changes consist of cutoid bodies, cotton-wool exudate, 
small superficial hemorrhages, massive hemorrhages in the retina which may 
lead to blindness, retinal vasculitis with beading, capillary aneurysms, slight 
papilledema, blurring of the choroidal reflex due to subretinal edema, and oc- 
clusion of the retinal veins. 

Antimalarial drugs add a new hazard to the vision of persons with lupus 
erythematosus. Hobbs reports corneal lesions in 30 to 40 per cent of those re- 
ceiving chloroquine for lupus or rheumatoid arthritis. Biomicroscopy shows these 
lesions best. They consist of scattered white dots, irregular limbal deposits, or 
curved whitish lines in the corneal epithelium below the pupil extending as dots 
over the corneal surface. In time these changes become yellowish. Patients com- 
plain of blurred vision and of seeing halos around lights. Photophobia, diplopia, 
and difficulty in focusing may occur without overt corneal changes. Most authors 
find that these lesions clear on discontinuing the antimalarials. Recently more 
serious complications have been reported, including bilateral macular degenera- 
tion, probably irreversible atypical retinitis pigmentosus, narrowing of retinal 
vessels, and macular lesions consisting of areas of edema, atrophy and abnormal 
pigmentation causing visual scotoma, and field defects. Symptoms are nyctalopia, 
difficulty in reading, and misty vision. 

Three cases of retinal lesions following antimalarial therapy are reported and 
considered due to the medication. In view of the serious threat to vision, eyes of 
patients receiving antimalarials should be carefully watched during treatment. 


Comment: Both of these papers point out once again the possibility of corneal involve- 
ment by virtue of the use of antimalarial agents, particularly chloroquine. The corneal 
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changes are reversible once the drug is stopped. It is interesting to note that occasionally 
the corneal condition changes, lessens in severity and density, even when the drug is 
continued. The reason for the drug inducing these changes has not been established. 
Perhaps more important than the corneal changes which do not produce any serious 
interference with visual acuity are the retinal changes. These can involve the macula, 
produce pigmentary abnormalities in the periphery and appear, up to the present time, 
to be irreversible. It is important that these be recognized. It is more important that they 
be looked for in anyone who is receiving chloroquine for long periods. The clinical evidence 
is certainly accumulating and suggests that, although there are no known pharmacological 
reasons available at the present time to explain why chloroquine produces the vascular 
response seen in these patients, the findings do appear to be more than an idiosyncrasy. 
Perhaps the patients with lupus erythematosus, as suggested earlier by Huriez (1960) 
are predisposed to these effects of chloroquine. Hobbs has noted attempts to produce the 
retinal lesions in the experimental animal have not succeeded. It may be that an experi- 
mental animal, other than the rabbit, with a different retinal vasculature might be a 
better testing ground. 
Irvine H. Leopotp 





MICROBIOLOGY 
TOXOPLASMIC POLYMYOSITIS 


Lewis P. RowLAND AND MELVIN GREER 
New York, New York 
Neurology, 1961, 11: 367-370 


Congenital encephalomyelitis caused by Toxoplasma gondii was recognized in 
1939, and several acquired forms have since been described. The wide distri- 
bution of antibodies indicates that it may be asymptomatic. The most fre- 
quently reported symptomatic form is characterized by fever, rash, and adenop- 
athy. Myocarditis or pneumonitis are sometimes present, and chorioretinitis 
is occasionally associated. The illness is self-limited, but may last several months, 
and acute cases may be fatal. 

Postmortem examination has demonstrated the organism in the brain, lungs, 
and heart. Two autopsy reports describe examination of the muscles, and in 
both Toxoplasma was present, with polymyositis, muscle necrosis, and inflamma- 
tory cellular reaction. Muscle biopsy has also disclosed the organism in several 
instances, and biopsy has been suggested as a useful diagnostic tool in doubtful 
cases. The distribution of the organism in the muscle is, however, irregular. 
Clinical symptoms have not been clearly described, but include chronic fatigue, 
which is attributed to muscle involvement, muscle aches and pains, weakness, 
and lassitude. 
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A case is described of a 33-year-old truck driver who was admitted to the 
hospital acutely ill after 3 weeks of fever, progressive muscular aches and weak- 
ness, and tender swelling on his neck. Examination disclosed generalized but 
irregularly severe muscular weakness and pain, and tenderness and generalized 
enlargement of lymph nodes, slight tenderness of the liver, and scattered pate- 
chiae and erythema of the pharynx. 

An extensive battery of laboratory tests showed the following abnormalities: 
hemoglobin fell from 13 gm. per cent on admission to 102 gm. 1 week later, and 
at this time the red blood-cell count was 3,520,000 per cc. Erythrocyte sedimen- 
tation rate was 44 mm. in 1 hour on admission and 8 days later was 60 mm. per 
hour. Thymol turbidity was 3+ on one test but normal in a second. Urinary 
creatine excretion was 375 mg. in 24 hours, and of creatinine was 1,377 mg. 
Electromyography showed abnormalities in muscle reaction. Serum phospho- 
hexose isomerase was 600 units the day after admission and fell to 237 units in a 
week—normal is less than 40 units. Corresponding values for lactic dehydro- 
genase were 1,860 and 1,070 units—normal value is less than 400 units. Tu- 
berculin skin test was positive at dilution of 1:10,000. ‘The toxoplasmosis he- 
magglutinin titer was 1:512, and the precipitin titer was 3+. Biopsy of the 
sternocleidomastoid muscle and of a cervical lymph node were negative. The 
latter tests were not repeated because the patient improved rapidly without 
specific treatment. Shortly after discharge he had a brief episode of macular 
rash, but continued to improve and was well enough to return to work after 
2 months. 

The results of serological tests were not received until 8 months after onset, 
and the patient was then recalled. He was asymptomatic, but toxoplasmosis 
hemagglutin was 1:8,192; precipitin was 2+; and the dye tests positive in 
dilution of 1:1,024. The skin test for toxoplasmosis was also positive. Other 
laboratory tests were normal at this time. 

The diagnosis of toxoplasmosis in this case rests on the high titers of hemag- 
glutin and dye tests and the rise and fall of antibody titer. The positive skin 
test indicates only that infection had been present at some time, but is sup- 
porting evidence. The diagnosis of polymyositis is based on the clinical picture 
supported by the electromyograms, creatinuria, and abnormal elevation of 
serum enzymes. Toxoplasmosis may cause a variety of syndromes, and poly- 
myositis may be due to a variety of different causes. In this instance the poly- 
myositis appears to have been based on toxoplasmosis. 


Comment: It may be comforting to many ophthalmologists to realize that one may have 
a high index of suspicion that toxoplasmosis is the cause of a variety of diseases in parts 
of the body other than the eye. The clinicians who deal with these areas are having dif- 
ficulty in establishing the diagnosis firmly. The etiological diagnosis in this case was de- 
duced on the basis of skin sensitivity and serological tests as we have been doing with 
uveitis. 
Irvine H. Leopoip 
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INDOLENT STAPHYLOCOCCUS ALBUS OR AUREUS BACTEREMIA 
AFTER VENTRICULOATRIOSTOMY: ROLE OF FOREIGN BODY 
IN ITS INITIATION AND PERPETUATION 


R. T. Scutmxe, P. H. Buackx, V. H. Mark, anp M. N. Swartz 


New England J. Med., 1961, 264: 264-269 


Ventriculoatriostomy is a new technique (1957) for the treatment of hydro- 
cephalus, designed to shunt cerebrospinal fluid to the right atrium via a jugular 
vein catheter equipped with a one-way plastic valve. Fifty-four ventriculo- 
atriostomies were performed and 11 were complicated by postoperative bac- 
teremias. Surprisingly 9 of the 11 were due to Staphylococcus albus, normally 
considered a nonpathogenic organism. These 9 patients responded to intensive 
antibiotic therapy, but only after the shunting apparatus was removed in 7. 
All had positive cultures obtained from the material removed. 

Similar findings from other such series and from reports of cardiac surgical 
cases are reviewed. 

Analysis suggests that this bacteremia is due to organisms introduced at 
surgery from the normal flora of the skin or scalp. The presence of a foreign body 
enhances virulence and maintains the infection. 


Comment: Two considerations highlighted by this article may be of benefit to us in 
ocular surgery. The first concerns the significance of implanted foreign bodies in main- 
taining chronic low grade ocular and orbital infections. These may be persistent or recur- 
rent. They have been demonstrated after retinal detachment and orbital plastic pro- 
cedures. Perhaps they may be found in the future with anterior chamber lens and glau- 
coma valve implants. Our second consideration concerns the source of the infecting 
organisms. Most are believed to be due to normal flora of skin and hair near the operative 
wound. These areas are of constant concern during most ocular operative procedures be- 
cause of the draping techniques generally available. Careful skin preparation and the 
use of disposable plastic drapes to limit exposure around the wound site may be of value. 
These only supplement standard sterile technique and “atraumatic” surgery. 

Martin Lusow 
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A CASE OF “SQUIRREL PLAGUE” CONJUNCTIVITIS IN MAN 


(BACILLUS TULARENSE INFECTION OF THE EYE) 


Derrick T. Vari, M.D. 
Cincinnati, Ohio 


Ophth. Rec., 1914, 23: 487-497 


It is believed that this is the first report of infection of the human eye from 
the virus of a plague-like disease among certain rodents, notably the California 
ground squirrel, and now known as “Squirrel Plague.” 

The case which I bring to your attention in this report presented such unique, 
alarming and peculiar ocular symptoms that it was impossible from anything 
written in ophthalmic literature to render a clinical diagnosis. 


HISTORICAL DATA ON CALIFORNIA SQUIRREL PLAGUE 


The bubonic plague first appeared as an epidemic in the United States at 
San Francisco in 1900. The presumption was that plague-infected rats infesting 
incoming ships from the Orient found their way ashore and that they constituted 
the source of infection for the human cases through the fleas that they harbored. 

The human epidemic was at first practically limited to the inhabitants of 
Chinatown, San Francisco. The United States officer in command of plague sup- 
pression was Surgeon Rupert Blue, the same who is in charge of the bubonic 
plague situation in New Orleans at this present writing (1914). 

Blue first suspected in 1903 that the plague which was destroying ground 
squirrels in such great numbers, as was being reported from many parts of the 
country about San Francisco, was nothing other than bubonic plague. Soon, 
however, human cases of plague-like infection began to appear in country dis- 
tricts, in which no reasonable mode of conveyance other than through squirrels 
seemed plausible. 

Take the case of Charles Bock, a country blacksmith, who came to San Fran- 
cisco (August, 1903) from a neighboring village, and died of plague. Surgeon Blue 
visited his town and learned that Bock had shot ground squirrels three or four 
days before his illness began. The following September (1903) another victim 
from another part of the country died from plague, a man who had been living in 
a railroad camp thirty miles from civilization, and it was learned that these rough 
laborers often killed and ate ground squirrels. In 1904 rural cases continued to be 
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reported here and there, and Dr. Blue, who was keen on the suspicion that ground 
squirrels were furnishing the infection, conducted a series of experiments through 
the aid of Assistant Surgeon Donald Currie, bacteriologist for the plague labora- 
tory, and proved that the ground squirrel was very susceptible to plague infec- 
tion, both by inoculation and direct contact. Blue then (1904) sent a man to 
investigate the county of Contra Costa to ascertain the truth of the many re- 
ports that came through various sources that the squirrels were being extermi- 
nated by a plague. This agent reported that the farmers were everywhere re- 
joiced at the disappearance of the ground squirrel. He also learned that the 
squirrels had been suffering from an epizootic. 

It was then learned by another investigator (Past Assistant Surgeon J. D. 
Long) that armies of ground squirrels were seen at different times between the 
years 1903 and 1905 to be migrating across the country. Farmers had endeavored 
to secure sick squirrels to carry home to spread the infection. They burrow the 
ground, feed on grain and multiply so rapidly that they had become a great 
pest. In fact, one man offered a bounty of $20.00 for a single sick squirrel. 

After the earthquake of 1907 true bubonic plague cases appeared in alarming 
numbers in San Francisco. There were 156 cases with 78 deaths, and country 
cases continued to appear, so that Blue directed his men to trap and collect 
rodents from Contra Costa county that a thorough search for plague might be 
made. Four hundred and twenty-three ground squirrels were sent in and among 
them were found four genuine cases of glandular suppurations in sick squirrels. 

In spite of this, many doubted that the disease in man was contracted from 
squirrels. Soon, however, a case appeared in Los Angeles, which proved the 
direct communicability of the infection from squirrel to man without the inter- 
vention of fleas or biting insects. A boy ten years old, living in Los Angeles, 
found a sick ground squirrel near his home. Being moved with compassion, and 
thinking he would take it home, nurse it and make a pet of it, he picked it up, 
but the animal bit him on the finger. On the fourth day after, he was taken 
very sick with fever, delirium, etc., and the glands of the axilla on that side 
became swollen and painful. The abscess in the armpit was aspirated, and G. W. 
McCoy, who was studying the case, found by experiments on guinea pigs and 
rats that the organism was similar to Bacillus pestis. Suppurative glands ap- 
peared elsewhere, but the boy finally recovered. In view of the fact that Currie 
had demonstrated that the saliva from the mouth of an infected squirrel was 
laden with infection, due most likely to the influence of plague pneumonia that 
was demonstrated, it is beyond question that this boy was directly infected from 
the bite of the squirrel and not from flea bites. 

It was then thought by many that squirrel-plague and bubonic plague were 
one and the same disease. This, however, proved untrue, for Past Assistant 
Surgeon George W. McCoy, of San Francisco, proved among other things that 
there was a distinct difference between true bubonic plague and squirrel-plague, 
the latter being less violent and the bacillus causing it being different from the 
true Bacillus pestis, although closely allied to it and that fatal squirrel-plague is 
not identical in its pathology with fatal bubonic plague. 
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Finally, in 1911, McCoy and Chapin identified the germ of squirrel-plague, 
grew it on egg-yolk culture, proved its entity, described it fully and named it 
“Bacillus tularense” after the county of Tulare, in California, in which the disease 
was first observed. They state “the essential pathological lesions (of fatal squirrel- 
plague infection in rodents) are many whitish or yellowish caseous granules in 
the spleen and liver.”” Caseous nodules also appear in the lymph glands. 


REPORT OF MY CASE OF SQUIRREL-PLAGUE INFECTION OF THE HUMAN EYE 


E.E., male, aged 28, referred to me on November 24, 1913, by Dr. 
Paul DeCourcy, of Cincinnati, on account of an acute and violent inflammation 
of his left eye. 

Occupation: Meat cutter in restaurant. 

Present Illness: Three days ago left eye became inflamed and swollen. Tried 
medicine prescribed by a druggist, but eye became rapidly worse. The lid margins 
were agglutinated of mornings. Notices a “sore lump” in front of the left ear. 
Eye discharges much watery secretion. Has no pain; vision unaffected. 

External Inspection: Right eye, normal. 

Left Eye: Marked redness and swelling of both eyelids. Intense chemosis is 
present. Eye discharges muco-watery secretion. Lashes are matted, tuft-like. 
General appearance of eye suggests gonorrhoeal ophthalmia. The pre-auricular 
gland on that side is swollen to the size of a small cherry and is tender to touch. 
Palpebral conjunctiva: On everting the eyelids, the seat of disease is revealed. 
The conjunctiva is riddled with about ten discrete deep, round, yellow necrotic 
ulcers, that run clear through the substantia propria of the conjunctiva quite to 
the tarsus. There are six such round ulcers over the upper tarsus and four at 
least over the lower tarsus. The ulcers appear punched out, but filled with golden 
yellow necrotic plugs. Sizes vary from 6.0 mm., the largest, which exists near the 
upper edge of the tarsus of the upper lid, to about 1.0 mm. The surrounding 
conjunctiva is deep red, very soggy and swollen, but does not bleed on being 
wiped with a wet cotton sponge. The necrotic plugs in the beds of the ulcers 
cannot be wiped away. The contrast between the deep red color of the conjunc- 
tiva and the brilliant golden color of the ulcers is as striking as a turkey-red 
calico dress with yellow “polka dots.’ 

A smear was taken at once to search for the gonococcus, but none found. 
Diagnosis of Parinaud’s conjunctivitis tentatively made. 

November 25, next day. Eye looks worse, patient pale, temperature 100°, 
pre-auricular gland more swollen, the lymph glands of the anterior triangle of 
the neck and submaxillary region of that side are easily felt to be enlarged and 
are tender. Diagnosis of Parinaud’s conjunctivitis withdrawn on account of the 
ulcers. Too acute for tuberculosis and certainly not chancre or syphilis. 

November 28. Patient is losing weight rapidly, looks cachectic and sick, tem- 
perature 102°, glands of the left side face and neck are conspicuously large and 
now there is seen a discrete pustular eruption six or seven in number and 4 to 5 
mm. in size, something like the pustules of varicella, located on the left temple 
and malar region. The appearance of the left eye is not improved; cornea, is, 
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however, brilliant and vision unaffected. The left nostril discharges a watery 
mucus freely. The left turbinated bodies are swollen and red. On account of the 
nasal symptoms and the pustular eruption on the left malar, the diagnosis is 
changed to ‘‘Glanders or Farcy” and patient urged to go to the Cincinnati 
Hospital. 

December 1. Patient did not go to the hospital. Wants to continue treatment 
at my office. A new symptom has developed since two days ago. Infection of the 
left lachrymal sac with every evidence of abscess formation. The ulcers of the 
conjunctiva remain about the same in appearance, but are slightly more numer- 
ous. They are not epithelial ulcers, such as we see in herpes, but perforate the 
conjunctiva quite to the tarsus. Evidently the solitary lymph nodes of the con- 
junctiva are the seat of the necrosis. His family physician, Dr. DeCourcy, finally 
persuaded him to apply to the Cincinnati Hospital for treatment. Dr. Robert 
Sattler was on duty at that time and we find the following clinical memoranda: 

Right eye: Normal. 

Left eye: Lids puffed and reddened. Swelling size of hazel nut at inner canthus 
(purulent dacryocystitis). Ocular conjunctiva much congested. On eversion of 
the lids the palpebral conjunctiva much thickened, roughened and reddened. 
Conjunctiva ulcers are present. Pressure on tear sac, which has consistency of 
well filled bladder, does not evacuate into the eye or nose. There are a half-dozen 
large pustules between the left eye and ear. The anterior auricular and anterior 
cervical glands and those about the angle of the jaw are enlarged. There are no 
glandular enlargements at the right side of the face. 

December 9. Abscess of the tear sac incised, discharging yellow, creamy pus. 

December 10. Drainage from the abscess has ceased. Conjunctiva ulcers gone. 
Ocular condition much improved, but the pre-auricular and other glands remain 
enlarged. 

December 11. Patient discharged, improved. The temperature chart shows the 
typical rise and fall of a general septic infection, highest being 102.6°, evenings 
of December 4 and 5, but the morning temperature never below 100° until after 
December 5. 

How could the infection of the California ground-squirrel-plague jind its way 
into E.E’s left eye in Cincinnati? This is a question that is hard to answer defi- 
nitely. It has been proven by various students of the disease—Blue, McCoy, 
Chapin, Currie, Long, Wherry, and others—that all rodents are susceptible to 
infection by direct contact, squirrels and rabbits particularly so. Three facts 
are significant: 

(1) Wherry says that ‘a year previously (to this case) we had heard from a 
hunter that wild rabbits were dying in large numbers across the Ohio River in 
Kentucky.” Moreover, this man was infected during the hunting season when 
the market is open to the sale of rabbits, and I, myself (being a hunter), was 
interested in reading in a Cincinnati daily a note from rabbit hunters in the 
vicinity of Cincinnati, stating they were finding large numbers of dead rabbits 
in the fields, and the opinion that they were being exterminated by a plague of 
some sort. 
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(2) Health Officer Landis, of Cincinnati, learning the markets of the city were 
selling rotten rabbits, investigated and found large quantities of putrid rabbits 
on sale at five cents apiece. He rightly condemned all of them and reports that 
36,420 pounds of decayed rabbits were seized and destroyed between November 
1 and December 6, 1913. My patient was infected in the height of this season. 

(3) My patient was by occupation a meat cutter in a cheap restaurant located 
in the tenement and slum district of the city close to the markets. The inference 
is fair that rabbits affected with caseous buboes came to his table for cutting, 
that he held the diseased meat in his left hand, cutting with the knife held in his 
right hand, and that he introduced the poison into his left eye from his left 
finger. 


Proof of Squirrel-Plague Infection in This Case by Prof. Wherry, Bacteriologist, 
and Senior Student B. H. Lamb 


“Guinea pig No. 1 received on December 4, 1913, an intraperitoneal injection 
of scrapings from a conjunctival ulcer from the patient’s eye, suspended in 
normal sterile salt solution.”” Died December 10. Post mortem shows acute 
pneumonia; the spleen and liver are congested and enlarged and show numerous 
scattered foci of necrosis. No bacteria found on various smear preparations vari- 
ously stained. Various culture media remained sterile as to aerobic and anaerobic 
bacilli for a month. 

“The disease was kept going through a series of guinea pigs while isolation 
experiments were in progress’; nothing definite was found, but “after passing 
the virus through twenty-four animals, we became acquainted with the work of 
McCoy and Chapin and by using the coagulated egg-yolk on which they were 
able to grow Bacillus tularense, we isolated what we believed to be the same 
bacterium.” 

The Berkfeld filter prevented the germ from passing through, as proven by 
experiment injections on guinea pigs. This corroborates McCoy and Chapin’s 
findings, ‘‘while guinea pig No. 20, used as a control, was injected subcutaneously 
with 2 cc. of the unfiltered extract. It died in three days with typical lesions and 
Bacillus tularense was isolated in an ovomucoid-yolk culture from an inguinal 
buvo.” 

The tests and measurements of the bacillus by Wherry tallied very closely 
to those of McCoy. 

In carrying out their investigations to prove this case, Wherry and Lamb 
used “forty-nine guinea pigs, three Belgian hares, three white rats, three kittens 
and one pigeon.” “The guinea pigs, as a rule, succumbed on the fourth or fifth 
day after cutaneous inoculation with spleen juice or when pricked in the eye with 
an infected needle” and again simply dipping a fine needle into the spleen of a 
dead animal or into a culture and pricking the ocular or palpebral conjunctiva 
of rabbits or guinea pigs results in the production of multiple areas of necrosis 
on the palpebral conjunctivae, just like those in the human case, and is followed 
by septicemia and death in a few days. 
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Wherry showed me the head and viscera of rabbit No. 1, which had been 
pricked in the conjunctiva, as above suggested. The eyelids were everted on tooth- 
pick stays and presented the same typical round necrotic ulcers my case had 
presented; moreover, the lymph glands in front of the rabbit’s ear and down the 
side of its neck were greatly enlarged. 

The white rats inoculated intraperitoneally died in two days or less. The 
kittens survived. An infected emulsion was dropped in the healthy eye of guinea 
pig No. 38. It died in four days’ time. The conjunctiva presented the same round 
ulcers and the lymphatic glands of the neck were markedly involved. 

Guinea pig No. 34 was fed on most of the spleen of a dead guinea pig. It died 
in three days’ time. 

From the evidence submitted, I think we may make the claim beyond doubt 
that the case of E.E. was one of squirrel-plague ophthalmia, and I believe the 
first case on record. 


Editorial comment: In 1912, G. W. McCoy of the U. 8. Public Health Service announced 
the discovery of Pasteurella tularense and its agglutination by the serums of two laboratory 
co-workers who had contracted the disease while investigating a plague-like sickness of 
rodents. The oculoglandular form of tularemia with bacteriological confirmation was 
first reported by Derrick T. Vail, Sr., in 1914. The next two proved cases were also ob- 
served by Cincinnati ophthalmologists, Sattler (1915), Lamb (1917). After the detection 
of tularemia in the United States, the disease was noted successively in Japan (1925), 
Russia (1928), Norway (1929), Canada (1930), Sweden (1931), Austria (1935), Czecho- 
slovakia and Turkey (1936). The conjunctiva is especially susceptible to the tularemia 
organism. Of 78 ocular infections reported in America by 1940, only 6 were accompanied 
by involvement of the hand although both were subjected at the same time to the same 
source of infection, tissze from rabbit, squirrel, ground hog, water rat, or crushed tick or 
fly. The incubation period, which averaged 3 days, varied in these cases from 1 to 14 
days. Ulcers were located on the tarsal conjunctiva in 43 patients and on the bulbar 
conjunctiva in 8. Nonulcerating nodules were noted on the tarsal conjunctiva in 6 cases 
and on the bulbar conjunctiva in one. Unilateral enlargement of the preauricular lymph 
nodes occurred in 55 cases, of the submaxillary in 46, and of the cervical in 41. Suppuration 
of some of the lymph nodes occurred in 36 cases. Constitutional symptoms—fever and 
debility—are part of all forms of tularemia. Death occurred in 7 of the 78 oculoglandular 
cases, a mortality of 9 per cent. Attempts to identify the organism from smears of the 
conjunctival secretion are useless. The etiological diagnosis is made by agglutination tests 
which can be confirmed by culture on blood-dextrose-cystine agar. The antibiotic, tetra- 
cycline, is an effective remedy. 


REFERENCE 
Francis, E.: Oculoglandular tularemia. Arch. Ophth., 28: 711-741, 1942. 


BIOGRAPHICAL NOTE 


Derrick Tilton Vail (1864-1930) was clinical professor of ophthalmology at the Uni- 
versity of Cincinnati, and a founder member of the American Academy of Ophthalmology 
and Otolaryngology (of which he was president in 1908), the Oxford Ophthalmological 
Congress, the American College of Surgeons, the Gorgas Memorial Institute, and the 
Cincinnati Ophthalmology Club (of which he was president in 1919). In 1909 and again 
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in 1924 he went to India, taking time out from his extensive practice, to study under 
Col. Henry Smith the latter’s technique of intracapsular extraction of cataract. His 
subsequent writings, illustrated by many drawings of his own, testified to his enthusiastic 
advocacy of this method. He contributed to the American Encyclopedia of Ophthalmology 
the section on the pupil in health and disease and wrote for Ball’s Modern Ophthalmology 
the chapter on the intracapsular operation for cataract. 


REFERENCE 
Obituary. Am. J. Ophth., 14: 70-71, 1931. 


GEORG BARTISCH—16TH CENTURY OCULIST 


FLORIAN VERREY 


Ophthalmologica, 1961, 141: 81-99, (In French) 


Georg Bartisch (1535-1606), a contemporary of Ambrose Paré, was born at 
Kénigsbriick, a village near Dresden. He began his career at age 12 with an 
apprenticeship to a barber-surgeon. After three such indentures, during which 
he traveled widely, he established himself permanently at Dresden. The in- 
dustrious barber-surgeon published 15 articles, only 2 of which have survived. 
His great accomplishment was his textbook, entitled ‘“Ophthalmodouleia— 
Augendienst,” published in 1583 when he was 48 years old. This volume, which 
was the first book on ophthalmology written in the German language, con- 
tained about 300 pages and was adorned with a self portrait and illustrated 
with his own drawings. Two plates were hinged and showed the anatomy at 
six levels. This innovation of writing a professional work in the vernacular 
was necessitated by his lack of schooling and consequent ignorance of Latin. 
Otherwise Bartisch was fundamentally conservative and shared the prejudices 
and superstitions of his times. He was grossly biased against spectacles which 
he considered injurious. In his incomprehension of presbyopia and physiological 
optics he quipped that it was better to conserve one’s two eyes than to have 
recourse to four eyes. He was supremely confident of his own ability and at- 
tributed any untoward result to witchcraft or to divine retribution for the 
patient’s previous misdeeds. 

The title page of his book is amplified with the following declaration: ‘““New 
and well-grounded account of the causes and knowledge of all imperfections, 
diseases and infirmities of the eye and of sight... With beautiful anatomical 
figures of the head and of the eyes as well as of the aforesaid diseases and in- 
firmities.”” The review of the anatomy is copied from Vesalius. His best chapter 
is on cataract, the operation and its complications. For some unknown reason 
cataract is popularly called “Star” in German. Bartisch guessed that the term 
originated from a superstition regarding starlings. He urged that only those 
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should be permitted to operate who were well instructed and had assisted at 
many operations. Bartisch held in utmost contempt the itinerant cataract 
coucher. Such a vagabond would often operate before a crowd in the market 
place, thrust in his needle and forthwith assign the after care to some peasant. 
He himself examined prospective cases most carefully and operated only if the 
patient had the proper type of cataract and no other illness of the eye. In- 
tumescent cataract was to be avoided as the couching procedure then filled 
the eye with milky material and the patient remained blind. Cataract with 
seclusio pupillae was inoperable. After undertaking a case he watched over his 
patient from beginning to end. After surgery the patient was kept in bed in a 
darkened room with both ¢yes bandaged for 6 to 8 days. Then, for 3-weeks, 
the operated eye only was bandaged. 

Bartisch was the first to remove an eye in toto from a living human subject, 
apparently for a tumor thereof. His operation was an orbital exenteration with 
conservation of the eyelids. He passed a strong needle and thread through the 
eyeball, and while making traction on the eyeball passed behind the eye a 
very sharp spoon-knife and cut away the globe from all its connections. After- 
wards he packed the orbit daily for 12 to 14 days, making the tampons suc- 
cessively smaller. 

Bartisch practiced canthotomy for blepharophimosis and treated the wound 
daily with alum or other astringent to prevent coaptation of the edges. For 
entropion he removed the cilia permanently by cutting away the lid margin 
with a knife. 


This practical, original book, which revealed the keen powers of first-hand 
observation and generally good judgment, enjoyed a great success and for a 
century was repeatedly reprinted. In recognition the author was appointed 
in 1588 court-oculist to the Elector of Saxony. 


Comment: Though von Graefe is the father of German ophthalmology, the gifted 
Bartisch may be considered its grandfather. He made his own instruments and was genu- 
inely concerned in improving surgical technique. Very few had the temerity to repeat 
his bold procedure of orbital exenteration and nearly three centuries elapsed before a 
satisfactory technique of enucleation was developed. Stimulated by the desire to improve 
the operation for strabismus, Amédée Bonnet of Lyon and Joseph O’Ferral of Dublin 
in 1841 independently rediscovered the ocular capsule, first described by Tenon in 1802. 
The observation that the capsule is formed of fibrous membrane in which the eye is held 
like an acorn in its cup gave the clue to a method of enucleation that was associated with 
minimal trauma and rapid convalescence. 
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CONFERENCE ON DIABETIC RETINOPATHY 


This conference on diabetic retinopathy was supported by the Neurology 
Field Investigation Study Section, Division of Research Grants, National In- 
stitutesof Health, under a chairman’s grant. Dr. Barnes Woodall is the chairman 
of the Field Investigation Study Section. The conference was held at Had- 
donfield, New Jersey, on May 1 and 2, 1960, with Dr. Irving H. Leopold pre- 
siding at all sessions. 


A summary of the proceedings of the conference, edited by Dr. Leopold, is 
presented on the following pages. 
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CONFERENCE ON DIABETIC RETINOPATHY 


INTRODUCTION 


Chairman Leopold: Gentlemen, I believe we have all assembled. Dr. Stengle 
and I want to welcome you. As representatives of the Field Investigation Com- 
mittee of the National Institute of Neurological Diseases and Blindness; we 
appreciate your willingness to give so much of your time. 

As you all know, diabetic retinopathy is an enigma. It is a challenge, and it is 
a frightful complication of the prolonged life of the diabetic. We are here to 
discuss it. Each of us is an expert and at the same time a layman in various par- 
ticular aspects of this complication. This meeting has been planned deliberately 
so that as laymen you can feel free to ask questions, seeking information. And 
as an expert, we have the right to ask you questions so you can give us informa- 
tion and tell us if information is lacking. 

No one anticipates that we will arrive at any solution to diabetic retinopathy. 
We do think that each of you may have a different viewpoint. We think that 
science would be rather dull if all scientists agreed about every subject. Perhaps 
by the discussion that occurs here we will make the facts evident, clarify the 
problem, and perhaps narrow the false pathways which future investigators will 
pursue. 

It is hoped that the discussion will be free, because, if it is free, it will allow 
each of us to escape from conditioned thinking, the sort of thinking that allows 
one to add up his bank account, making the same mistake each month. 

Perhaps we can do this and have this feeling of freedom if we have a spirit of 
helpfulness, mutual confidence, and if we all make a deliberate effort to have an 
open and receptive mind. None of us should have any fear about admitting 
ignorance in a particular field, for in this day of specialization, our knowledge 
is bound to be restricted in many areas. Conscious ignorance and intellectual 
honesty are probably our major weapons in this discussion. I think you are all 
aware that no one is an authority, for no one has the answer to the problem that 
we are discussing. At least, it is not apparent. 

We hope that any hypothesis or any idea which may occur to you, no matter 
how wild it may seem, will be mentioned if only to have it burned up in the heat 
of discussion. 

We have an agenda which will be followed only in an effort to keep up dis- 
cussion. If we find we are off some place, where we are led by the discussion, 
we may stay there if it is profitable and everybody wants to; if not, we will re- 
turn to our agenda. 

Dr. Stengle, do you have some remarks you would like to make? 

Stengle: No, sir; I think I have nothing to add. 


INSULIN DEFICIENCY ON THE PRODUCTION OF RETINAL CHANGES 


Leopold: Dr. Lazarow, to begin this discussion, has agreed to present some ideas 
on the role of insulin deficiency in the production of retinal changes. This meet- 
ing is arranged so that if you would like to interrupt at any time, please feel 
free to do so. Dr. Lazarow or other people in the group will answer any questions 
that are raised. 
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Lazarow: Since there will be the opportunity to have everybody participate, 
I would like to pinpoint a couple of places where there are gaps in our knowledge. 


Fundamental Defects in Smail Vessel 


Before we talk about insulin deficiency, where this has a role in the complica- 
tions of diabetes, we might just take one step further back and consider the 
problems of the complications of diabetes and the retinal changes together. 
Many of these involve small blood vessels. One of the things I would like to see 
discussed in more detail is just where, within the small blood vessel, is the funda- 
mental defect as it is related to the basement membrane or endothelium. 

What relation do the hyaline changes in the diabetic kidney have to small 
blood vessels? I hope we will have an opportunity to discuss this in relation to 
some of the electron microscopic material now being done in the area of the 
capillary itself. 

I would like to call your attention to the fact that in diabetes there is an in- 
creased frequency of capillary fragility as measured by one formula or other. 
In neuropathy the question of whether some of the fundamental lesions may 
actually be in terms of the blood vessels themselves, 7.e., the nerva vasorium, 
should be considered. But there is a common thread which is important and 
worth considering in detail, and when we think of blood vessels, we have to 
think of the endothelium and particularly the basement membrane of the blood 
vessel, which I feel is quite an important place for us to focus our attention. 
This is evident from some of the electron microscopic changes that have been 
described. We know very little about the fundamental chemistry of what con- 
stitutes the basement membrane. We know even less about how the basement 
membrane is synthesized, how it is laid down, or how it is increased. All of these 
fundamental phenomena will have great pertinence to our understanding of 
the complications of diabetes, whether they relate to the retina or kidney or in 
other areas. 

Are the complications in diabetes due to the insulin lack or insulin deficiency? 

Obviously there are multiple ways in which a metabolic defect associated with 
insulin deficiency can produce a wide variety of effects on lipids, carbohydrates, 
and proteins. Is this related to a metabolic defect occurring secondarily to an 
insulin deficiency? 

I will ask you to keep this in mind. It may be a general phenomenon which 
might work at the level of the liver, or other sites, or it might actually work at 
the level of the tissues themselves, in the vessels within the retina and the kidney. 
There is evidence, for example, of the role of insulin in the synthesizing of the 
glycoproteins in the skin. 

We might also ask ourselves the question: Are the complications of diabetes 
actually related to insulin deficiency at all, and, for the sake of argument and 
discussion, supposing you postulate the question and say, well, let’s assume that 
the causative agent of diabetic complications is some unknown factor which for 
the moment we will label X. Conceivably, this same factor might even be opera- 
tive at the level of the pancreas and contribute to the development of the dia- 
betes, per se. 
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But independently, it may be operative at the level of intermediary metabo- 
lism, or it may be operative at the level of the small blood vessel, or one of the 
end organs. 

I think we would like to ask ourselves this question: What is the evidence that 
insulin deficiency, per se, is the factor that contributes to the development of 
diabetes, or is this related to some additional factor? This is worth examining in 
great detail. 

One could postulate, for example, an unknown factor X which is contributing 
to the development of diabetes, and let us say that this same factor is making 
the diabetes more difficult to control. 

Then any clinical study which is done in relation to a comparison of the degree 
of control of diabetes versus the development of complications, may be biased 
in the nature of the selection of the groups. 

In other words, if the same factor were to make diabetes difficult to control, 
and at the same time, contribute to the development of complications, then by 
the very nature of setting up your experiment you would have those individuals 
who are difficult to control more likely develop the complications of diabetes, 
whereas those who are more easily controlled would not develop the complica- 
tions. 

In analysis of this data, what is the evidence that our experimental groups 
are fundamentally the same? This ought to be looked at critically. 


Complications versus Concomitant 


Striker: I would like to not take issue, but give another point of view concern- 
ing the questions that Dr. Lazarow has presented. 

After 35 years of diabetes, I cannot subscribe to the point of view—I will 
preface it by saying this is not a matter of semantics—but I cannot subscribe 
to the point of view of the word “complication.” We must separate in our think- 
ing what are concomitants and what are complications. Possibly there is one 
complication of diabetes, and many concomitants. I think that the single com- 
plication of diabetes is hypoglycemia. The well known things that are called 
early concomitants are arteriosclerosis, retinopathy, and so forth. 

If this is so, then these ought to be the result of diabetes and it would seem 
almost inevitable that one would have to come to the conclusion that there 
must be an ideal, or a situation where the patient is rendered completely con- 
trolled, and these would not occur. 

The last edition of Joslin reported 54,000 treated cases of diabetes from which 
only 25 patients received what is known as the Joslin Victory Medal. This 
Victory Medal is defined as those patients who have no evidence of scarring as a 
result of diabetes after the therapy that has been proposed. 

My concept is that glycosuria is simply another manifestation. 

Lukens: Whether complications are a result of insulin deficiency or of some- 
thing else has been outlined by Dr. Striker. The problem that confronts us here 
is not that we are a supreme court trying to decide on the evidence. We are 
investigators trying to choose pathways of investigation. For this purpose, both 
hypotheses have their use. 
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My own experience leads me to emphasize the law of parsimony. Before as- 
suming an unknown defect of the vessels, of the genes, or something else, I think 
of how much we don’t know about biochemistry. 


Role of Insulin in Transport of Glucose 


Leopold: Dr. Levine, would you review for us the evidence for insulin hastening 
the transport of glucose into the cells? 

Levine: I think it is, in essence, rather simple, and that is that there is evidence 
from animals and from tissue in vitro, that the rate of entry for carbohydrates 
under the influence of insulin is much faster than can be accounted for by diffu- 
sion. 

Also, there is an exterior specificity which is against a simple diffusion. 

I think it is agreed that most cells, with the exception perhaps of liver tissue, 
have a “patch” on the surface, somewhere (and these are all figurative kinds of 
images), which is a transport system specific for glucose and several of its struc- 
tural relatives. This transport system exists in practically all tissues. In many 
of them, it is always active. For example, in the brain, in the red blood cell; in 
the gut, the tubule of the kidney. Irrespective of whether the pancreas is in the 
body or not, whether insulin is present or not, these systems function. 

However, the transport system in muscles, in the heart, and in the fat tissues, 
and in fibroblasts in vitro seems to be, in the absence of insulin, very inactive as 
if it were covered up. Insulin uncovers the transport system to full activity, 
only for those sugars for which the transport system is made. 

It is interesting, therefore, to think, especially in relation to the subject today, 
that when we speak of the diabetic organism lacking insulin, we tend to forget 
that some tissues and some cells in the organism do not seem to require insulin 
for the full activity of carbohydrate metabolism that we can measure. 

One of the important things, in relation to the complications, is to ask our- 
selves whether the tissues which are involved in some of these vascular complica- 
tions we are going to discuss are at any time insulin-deficient. The body is 
insulin-deficient. The insulin-sensitive tissues are insulin-deficient; but, for ex- 
ample, when I think of the kidney, what cells of the kidney require insulin? 
That is not clear at all. What cells of the retina require insulin? Neurons in gen- 
eral do not seem to require it. 

One of the important things about the question that Arnold Lazarow put 
forward, whether insulin deficiency is at the root of some of the vascular com- 
plications, is to find out whether the tissues affected by the vascular complica- 
tions most horribly are the ones that require insulin for a carbohydrate metabo- 
lism. 

Bloodworth: Can you tell us whether endothelial cells require insulin? 

Levine: Nobody can. There is no good work to show whether or not the en- 
dothelial cell is at all subject to insulin action. 

I want to more and more emphasize the point that a diabetic, depancreatized 
animal, is not diabetic because of carbohydrate metabolism in all of its tissues. 
Bloodworth: Does insulin have to get into the cell to facilitate this transport? 
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Levine: Nobody knows, because the definition of cell membrane is a figment. 
The word, cell membrane, means that area, or that piece of molecular ecology 
as Paul Weiss once called it, which is in the area of contact between one cell and 
another one. 

Lazarow: Electron microscopic studies demonstrate that the endothelial cell 
can perform pinocytosis. So the endothelium itself is beginning to have greater 
significance in some of the dynamics of the capillaries that we are thinking about. 

Marble: Realizing the truth of what Dr. Levine said, that not all tissues appear 
to need insulin and therefore would not, we suppose, suffer because of a lack of 
it, is not the force of that statement somewhat vitiated by the fact that the uni- 
versal tissues—blood vessels (endothelium), nerves, ete.—are or might be affected 
by insulin lack with consequent influence on the organs and tissues served? 

Levine: There is no evidence for or against the endothelium. I just don’t know 
of any pure endothelial tissue that has been tested. 

Marble: The point I was trying to make was that a given organ might suffer 
because of insulin lack, not because the organ’s own tissues need it, but because 
of damage to the blood vessels which nourish it. 

Levine: Not only that, but in the kidney, for example, I would expect that 
fibroblastic elements would suffer, and these, after all, form ground substance, 
and this would be an important thing. 

I am not trying to deny that this so-called lead to an insulin deficiency in some 
cells has merit. I am trying to bring attention to the fact that insulin is not 
necessary for all tissues. 

Now, what Dr. Lazarow brought up about pinocytosis—that was first shown 
by Ball and Bennett with the help of the electron microscope. 

Levine: I want to point out there is a difference between transport of a big 
particle and transport of glucose. The pinocytosis doesn’t seem to explain trans- 
port of glucose under insulin. For one reason, the volume of water necessary to 
bring in the amount of sugar that is transported by insulin is so prohibitively 
large that both Ball and Bennett agree that this could not be the answer. 

You see, the volume of water is just too small and actually, when you add 
triturated water, you find no increased entry under the influence of insulin, 
even though the glucose that is dissolved in that water has disappeared. The 
picture as to what is actually happening in the membrane is poorly understood. 
But I think this is outside the scope of our discussion now. 

I think what is vitally necessary, is to see which cell types do and do not re- 
quire insulin for a complete exhibition of intermediary metabolism. 

Leopold: Dr. Spargo, did you want to say a word about the electron micro- 
scope? 


ELEcTRON Microscopy OF VASCULAR LESIONS OF THE 
RETINA AND KIDNEY 


Spargo: There have been a number of references to angiopathy here, and some 
specific references to vascular lesions in the retina and the kidney. The matter 
of which cells are affected and what constitutes the glomerular barrier is one 
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that I have been particularly concerned about. Electron microscopy has been 
very helpful in this area, because even with low magnifications it makes possible 
differentiation of the separate glomerular components. 


Glomerular Capillary 


A typical glomerular capillary as seen by electron microscopy shows the blood 
and urinary space between which there is a barrier. Adequate magnifica- 
tion shows the components of the capillary barrier. The endothelial cell has such 
large pores in the cytoplasm, measuring up to 900 Angstrom units in diameter, 
so that transport across this cell is not a major consideration. The urinary pro- 
teins are able to go through these pores. 

In addition to this, on the other side of the basement membrane, the epithelial 
cell with its multiple foot processes are separated by the so-called slit pores, but 
there are membranes across these slit pores. In addition to the comments that 
have already been made on transport, I would like to interject some recent ex- 
periments with ferritin to indicate some properties of the remaining structure, 
the basement membrane. 

Ferritin is a biological substance which can be identified with the electron 
microscope. It is filtered through the glomerular capillaries and can be seen in 
the endothelial cell pores but not in the cytoplasm of the endothelial cell. It 
can cross the basement membrane barrier without any obvious morphological 
defect. It does not appear in these slit pore areas but in the cytoplasm of the 
epithelial cell. 

There has been speculation on the basis of this type of work that perhaps 
these glomerular epithelial cells have some regulatory function and controls 
the amount of urinary protein; but the basic filtering apparatus, at least from 
the standpoint of the pathologist, seems to be this basement membrane. The 
basement membrane as far as we know, is made up of pure ground substance. 
Perhaps the state of polymerization of this structure affects what is transported 
across it. I think that the ferritin model provides a promising tool to study rela- 
tive glomerular capillary permeability. Since we cannot see holes through the 
homogeneous substance of the basement membrane normally or when it leaks, 
we need to measure the viscosity or permeability and ferritin provides a satis- 
factory means of doing this. 

I would like to speak later of the problem of the basic glomerular lesion in 
diabetes, what it involves, and how it develops. 

Hartroft: I would like to ask what your concept of the basement membrane is 
during life. It looks so firm and thick in microscope sections. But in studying, 
membranes in a variety of places and under a variety of experimental conditions, 
some of us at Washington University have gained the idea that during life the 
basement membrane may not be nearly as fixed-looking a structure as pictures 
might suggest. 

These membranes seem to be formed frequently whenever cells come together, 
in both the normal embryo and in the adult in pathological conditions. I don’t 
think fibroblasts or even perhaps reticuloendothelial cells are necessary for the 
process. 
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One gets the idea they are perhaps not really a barrier in the sense that we use 
that term, but that solutes can pass through them readily; and under some con- 
ditions such as inflammation that whole cells can pass through them. 

Bloodworth: Do you think the basement membrane may be a gel rather than a 
solid? 

Hartroft: Perhaps a very fluid one. 

Lazarow: I would like to ask Dr. Hartroft what he thinks the half-life of the 
basement membrane is, and what sort of evidence (experiments) he has to 
indicate this. I am asking for information. 

Hartroft: Obviously, I cannot give a definitive answer. I can say, however, 
that they come and go very quickly in pathological situations. In experimental 
cirrhosis these membranes form as soon as do the cholangioles which infiltrate 
throughout the lobules. These cholangioles neither possess nor are directly as- 
sociated with fibroblasts; yet membranes form about these cholangioles. When 
the cirrhosis is reversed by suitable treatment both the cholangioles and the 
membranes disappear within a matter of days. So they are not necessarily stable 
structures. 

Spargo: In our studies on the development of the glomerulus using kidney 
from therapeutic abortions and examination by electron microscopy, we had the 
impression that the developing basement membrane was most closely related to 
the endothelial cell. While this is an opinion based on the study of multiple 
sections, there is other evidence in the literature for this interpretation. 

My use of the term “barrier” as applied to the basement membrane of the 
glomerular capillary was not unpremeditated. Over a period of 3 years now, 
we have accumulated 400 cases with the nephrotic syndrome. We have serial 
renal biopsies of these cases and have been trying to find out whether changes 
in this basement membrane area results in proteinuria. This impression is more 
or less on the basis of ruling out certain other combinations and possibilities. 

Lazarow: I would like to quibble with Dr. Spargo just a wee bit, when he said 
‘pure ground substance.” I don’t know what ground substance is, let alone what 
pure ground substance is. From some of the evidence that we have, where we 
have been trying to isolate basement membrane from glomeruli by differential 
centrifugation, and by doing chemical analysis on it, we find it has a whole variety 
of things in it, and I would like to expunge the word “pure” from your statement, 
and then I will agree with you. 

Leopold: It is time for Dr. Lukens to proceed. 


METABOLIC PATHWAYS OF GLUCOSE 
Role of Insulin 


Lukens: I agreed so heartily with what Dr. Levine said that while he was 
talking, I wrote in large letters “‘tissues” to remind you of what he was saying. 
I was approaching the same topic from a different direction. Perhaps I should 
say that my approach to it is to look at a metabolic defect of the whole body and 
then to ask “In what tissues is this defect occurring?” 

Within the cell, I have written 4 metabolic pathways of glucose: the formation 
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of glycogen, oxidation to CO:, fat formation, and some carbohydrate used to 
spare protein. 

In the diabetic, glycogen formation is greatly reduced. 

I write zero for fat synthesis in the diabetic, and the oxidation of glucose is 
one-fourth to one-third of the normal fasting amount. Finally, for glucose used 
to aid protein synthesis one can only put a question mark. Now, if one moves 
from the depancreatized animal to the average mild diabetic, this sort of dia- 
gram leads to some questions which, so far as I know, are quite unanswered. 

No one knows how much insulin is needed to promote each one of these path- 
ways. In other words, nobody knows the sensitivity of each one of these reactions 
to insulin. We know that fat synthesis is extremely sensitive to insulin. Very 
small amounts of insulin seem to accelerate fat synthesis. There is indirect evi- 
dence that perhaps quite large amounts of insulin are needed in conjunction 
with very small amounts of glucose for the sparing or synthesis of protein. But 
we do not have any idea of the quantitative demand for insulin by these reactions. 

Then, as Dr. Levine said, these reactions are occurring in different tissues. So 
if we are going to measure this quantitative demand, we may have to measure 
it in different tissues as well as studying the various biochemical pathways. 

The reason for this general background is 2-fold: I believe we should think of 
it as the background of a consideration of the eye and of the capillaries and the 
basement membranes in which I am deeply interested and rapidly becoming 
instructed. We must consider these facts in connection with what the internist 
will say about the control of diabetes, for the word has been used all too loosely. 

The idea that a diabetic who is taking 60 units of insulin a day, and has no 
glycosuria, and a normal blood sugar is controlled is how we think in 1960. But 
the fact is that the extra insulin needed to drive some glucose into the synthesis 
of protein is still unmeasured in 1960. We have laboratory evidence to suggest 
that this might be a continuing defect in either the mild diabetic or the diabetic 
treated by injections of insulin who did not have the complete physiological 
adjustments of the normal. 

I am afraid of the word ‘“‘control.”’ It has been very useful and it has given us 
some priceless statistics. But before we finish with it, we will have to know more 
than we know now. Such possible unknown defects are applicable, I take it, to 
the capillaries and to the retina. How can we study more about what is happening 
in those tissues? 

Striker: This seems an appropriate time to discuss the question of control and 
insulin deficiency. This problem concerns clinical management and frequently is 
of great concern to the ophthalmologist. All of us see many patients with 
retinopathy in whom the diabetes is very mild and frequently difficult to diag- 
nose. Many times these patients present themselves because of visual difficulties 
and are unaware of a metabolic disturbance because the symptoms are so mild 
and, in fact, their diabetes is mild. Does Dr. Lukens suggest that even in such 
eases the mild insulin deficiency one finds is nevertheless sufficient to explain 
the vascular changes? 

Lukens: I think it could be. Let me suggest, however, the gradations of the 
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process of protein synthesis that we have to keep in mind when we face your 
question, which is exactly what I was trying to do. I believe we should suspect 
partial insulin insufficiency strongly, and on these grounds: The use of depot 
insulins and better care with insulin has abolished the diabetic dwarf. This is 
evidence of better protein metabolism. In addition, in depancreatized animals, 
on adequate maintenance doses of insulin, growth hormone spares only a trace 
of nitrogen by comparison with the normal animal. However, when the animal 
is given five times the maintenance dose of insulin along with growth hormone, 
then it spares as much nitrogen as the normal. 

Now, this sort of experiment reveals certain possibilities. One sees a gradation 
from the diabetic dwarf of the pre-Allen era to the failure to respond to growth 
hormone. Maybe if we fill in all the gaps, we will have just one area that might 
have to do with anatomical defects. Dr. Bloodworth has done some work on 
anatomical defects (functional stress, etc.) in the kidney and other places. 

Levine: Mr. Chairman, while I agree with Dr. Lukens up to a point, I think 
the time has arrived when we have to differ; and I will differ in asking a question 
of Dr. Lukens. 

What evidence is available at the present time, that a large number of the 
adult diabetic population has any deficiency of insulin, insofar as we can measure 
it, by assay of blood, either by immunochemistry or by bioassay? 

It is an enormous difficulty here in your own lab, I believe—at least John 
Vallance-Owen, when he was with you, pursued work on some of the patients 
later on in London. This has been amply confirmed now with immunochemical 
methods. 

It is true that there are some diabetics whose level of insulin in the blood is 
below normal, that all juveniles are, but the vast group of adults have an amount 
of insulin floating around by bioassay and bioimmunochemistry, which is normal 
in amount. What is more surprising, when glucose is given to those individuals 
they have a high “insulin-like activity.” 

Lukens: I accept exactly that and say, all right, by present methods these 
people have insulin in the blood. In view of the observation that there is binding 
of insulin to tissues, the blood level may not be the critical measurement. That 
is one possibility. Another thing is that even with a normal blood level of insulin 
the body must have the capacity to provide extra insulin when and where it is 
needed. 

Levine: Glucose does bring it out even in diabetics. 

Lukens: It is my understanding that the fasting blood levels of these diabetics 
was normal, but that they had much less of a response to glucose. 

Levine: This is according to one paper that used the diaphragm for assay in 
the fat pad—Meltzer at Dallas—but the last thing I saw from the Berson- Yalow 
group on immunochemical methods was that the sugar is effective, very effective 
in raising the insulin level. 

Lukens: Was this a prompt response? 

Lazarow: Isn’t it more delayed in the adult onset type? It eventually gets up 
there, but it takes longer to get there. 
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Levine: It gets more than up there. 
Lazarow: But does it more slowly. 
Dolger: I think we can clarify it by saying further that in Berson’s work on 
this thing, it is true that release of insulin, diabetic, mild diabetic, is larger than 
in the nondiabetic, but I think we can all compromise with Dr. Lukens’ presenta- 
tion that in the normal presentation of glucose, using persons with immunological 
techniques, he gets a rise, which is a greater degree of insulin release than in the 
nondiabetic. 

Actually, what we are saying (Dr. Lukens presenting it), is there are gradations 
of anabolism and catabolism processes, which may be refined so that in a normal 
person there is very good equality, but in the diabetic I intimate from your 
statement there is sufficient lag in the area this way, so that there are defective 
protein syntheses, although the diabetic may release as much insulin or more 
than the nondiabetic; it may give you time lag here in which he will be in the 
negative phase. 

This, maybe, goes along with Dr. Lukens’ concept. 

Lukens: It would be compatible. For my information, Dr. Levine, have they 
adapted the immunological insulin method to severe diabetics? Originally, I 
thought their method was applicable only to those who had not been treated 
with insulin. 

Levine: They can do it with those treated because they were using separately 
the bovine antibody. The other question, Dr. Lukens, is in your experiments, 
you started with the growth hormone; do you think this may not reflect the 
greater need for protein synthesis of enormous amounts of insulin, that it is 
rather a situation in which the growth hormone that you gave induced a protein 
binding, or an inactivation of insulin which ordinarily would not obtain? 

Lukens: I agree. I have looked at it this way: Under the influence of growth 
hormone an enormous amount of insulin drives a very small amount of glucose 
into the sparing of protein. 

Levine: That’s right. 

Lukens: That is a special condition, but I think that a lot of insulin is needed 
under some conditions. Again, is every reaction equally sensitive to insulin? 
And again, your key question, is every tissue equally sensitive to insulin? 


MIcROANEURYSM 


Striker: Could I now pass to the more uncertain area of knowledge for a few 
moments and bring it down to some questions of anatomy and ophthalmology. 
I wonder if the capillaries of the eyes differ from the capillaries elsewhere in the 
body? 

Levine: Dr. Striker, when you say in the eye, where, precisely, do you mean? 

Striker: The retina. 

Leopold: Do you have any comments, Dr. Newell? 

Newell: Physiologically, they must operate with pressure greater than intra- 
ocular pressure, which means they have a pressure of 12 to 15 ml. at least. 
Leopold: There is some difference in the permeability in that they resemble the 
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capillaries of the brain as far as the substances that they allow to pass through 
them—anatomically I know of no difference. 


Sites Other Than the Retina 


Striker: Is there a disease other than diabetes where microaneurysms in the 
retina occur, excluding the kidneys, and if so, where do they occur? 

Becker: We find microaneurysms in some patients with pernicious anemia and 
some patients with— 

Striker: I don’t mean in the disease. I mean anatomically in the intestines, in 
the heart, in other organs. 

Becker: All attempts to find these, I think, have been negative, with the excep- 
tion of the report of Fageberg on nerve. He biopsied the sural nerve and found 
dilated capillaries with hyaline deposition. 

Leopold: Dr. Spargo. 

Spargo: I was under the impression that there was a good correlation between 
the presence of microaneurysms in the retina and in the glomerulus, and in 
addition they have been shown in the conjunctiva. 

Striker: I said, renal. 

Leopold: There are reports. 

Bloodworth: There are reports on the conjunctiva. 

Ditzel: There are a couple of reports on the conjunctiva. There is one of 
McCulloch and Pashby from Toronto University in 1950. Then Friedenwald 
has found a few. They are more diffused, dilated, and are not identical with the le- 
sions you see in the retina. 

Van Eck: Friedenwald* also found them occasionally in the fingernail bed. 

Becker: And on the undersurface of the tongue. 

Van Eck: He stated, however, that their incidence was not much greater than 
in nondiabetic persons. They occurred in both. 

Ditzel: There are differences in the definition of a microaneurysm. None of the 
aneurysms you find elsewhere are identical to those you see in the retina. They 
are not spherical and bulging from one side of the vessel. So I don’t think they 
are present elsewhere except in the kidney. 

Striker: Has anyone followed the homologous twins, one diabetic, the other 
nondiabetic regarding microaneurysms? 

Leopold: Maybe Dr. Marble might know. 

Marble: No, I don’t know. 


Influence of Oxygen 


Striker: Another question I would like to ask: What about the factor 
of hypoxia? I have been informed that there is a section of the retina, in the 
Department of Eye Pathology at Harvard, showing microaneurysms. The 
clinical diagnosis was coarctation of the aorta. Do the ophthalmologists know 
anything about this? 


* J. S. Friedenwald: J.A.M.A., 150: 969-971, 1952. 
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Newell: Not about that retina, but it occurs in vascular disease of the retina. 
Dr. Becker has produced it with central vein closure. It occurs in certain blood 
dyscrasias but nowhere near the number that occur in the diabetic. So the scat- 
tered, rare microaneurysm in the retina has no particular significance. 

Lukens: In connection with Dr. Striker’s last question about anoxia, are you 
acquainted with the preliminary reports of Dr. Hickham of Indianapolis on the 
response of retinal vessels to anoxia? I think this is a physiological response. 
Blood that flows through the retina increases when oxygen tension is lowered. 
I may not quote this with technical accuracy, but in both the hypertensive and 
the diabetic, whether hypertensive or not, there is a defect in this response. 

Zimmerman: One case that was cited is of interest in that instance (the case of 
Paul L. Tully); the aneurysms were exceedingly numerous. That case was of 
interest because there has been, I think, a tendency to associate these micro- 
aneurysms with disease on the venous side, whereas here it was disease on the 
arterial side. 

Levine: Is this case a relative of a known diabetic? 

Striker: How was the blood flow measured? 

Lukens: That is too technical for me to answer. 

Becker: This was done by repeat fundus photography. They measured the 
diameter of blood vessels. The experimental set-up was to have the patient 
breathe oxygen. The normal individual breathing oxygen demonstrated a certain 
decrease in the size of his blood vessels. This did not occur to the same extent in 
the patient with diabetes. They compared diabetic patients with and without 
vascular changes and noted that those with vascular changes had almost no 
response to breathing oxygen. 

Maumenee: You are measuring the larger vessels. 

Becker: Arteries and veins. 

Maumenee: It would have to occur well before the capillary level. 

Lukens: That’s right. There has been some criticism of this as a quantitative 
method of retinal blood flow. 

Strisower: What is the general feeling on Dr. Ashton’s work? I saw a com- 
prehensive review article, published in 1958, from which it was evident that he 
had studied this problem intensively for many years, and in 1960 he came out 
with a brand new working hypothesis which links the basic mechanism operative 
in retrolental fibroplasia with diabetic retinopathy as follows. As I recall, he 
found that in young kittens’ retinas given large amounts of oxygen there was 
swelling of the retina and cloudy appearance, which was identical to that observed 
in diabetic retinopathy, though not as observed in an early stage of diabetic 
retinopathy. He felt that this swelling was due to some interruption of a bio- 
chemical biophysiological process causing accumulation of metabolic products 
with secondary imbibition of water by retinal cells due to an increasing osmotic 
gradient. The increased intraretinal pressure thus produced was postulated to 
shut off the venous side of the retinal circulation, which appears to be in accord 
with the fact that these lesions have also been produced by retinal venous occlu- 
sions as mentioned before in this discussion. A further postulate was that the 
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retina, being highly dependent on glucose metabolism, may be subjected to a 
specific defect due to diabetes interfering with normal glycolysis. To test this 
hypothesis, glycolytic inhibitors such as sodium fluoride and iodoacetate were 
used, and it was observed that clouding of the retina and retinal swelling were 
produced similar to that observed in retrolental fibroplasia. It is postulated that 
this type of swelling later leads to the production of microaneurysms as seen in 
diabetic retinopathy. Arteriolar obliteration may be a late result of this same 
process following venous stasis and increasing interstitial pressure. 

Leopold: The question goes back to what Dr. Levine said earlier: Could this 
whole theory be thrown out immediately if the retina were not dependent on 
insulin? 

Lukens: May I ask the same question in a different way. Has the retina, which 
I believe can be detached for histological work as a nice thin film of tissue ever 
been used to study its metabolism in vitro? 

Strisower: Yes. What about the sensitivity of retinal tissue? 

Levine: I have never used any. 

Strisower: This is no more than a working hypothesis at present, but it is quite 
different from the types that have been suggested previously in this discussion. 

Lazarow: For example, supposing insulin has no effect, you can show on the 
glomerular vessels in the kidney, you still couldn’t conclude from that— 

Strisower: You would be pretty hard put to explain the effect produced within 
a period of a short time, as perhaps within 20 minutes. 

Becker: In the adult animal, this does not happen. 

Kinsell: Ashton has mentioned that the oxygen requirement of the retina and 
of the kidney are both very high. So these two tissues which are involved with 
microaneurysms have this in common. 

Levine: The brain requirement of oxygen per milligram of nitrogen of brain is 
just as high. Yet these microaneurysms don’t occur inside brain tissue. 

Knowles: Another thing about Ashton’s theory is that the starting point of this 
lesion seems to be brain tissue which is retinal relief, but not other brain tissue. 
It is something very specific. 


Retinopathy without Demonstrable Normal Response to Glucose Loading 


Kinsell: Going back to Dr. Lazarow’s comment that the mere demonstration 
of sensitivity or lack of sensitivity of a tissue to insulin is not necessarily the key 
factor as to whether the lack of insulin or insulin effect, per se, is associated with 
the development of retinopathy, I think this could be extended to the observa- 
tion that in the noninsulin-dependent type of diabetic, although he may have 
perfectly normal circulating level of insulin and may be able to respond to suffi- 
cient quantities of insulin, functionally he may still have evidence of what we 
would consider an inadequate insulin effect. 

Levine: What would you consider it? 

Kinsell: In terms of the simplest possible criterion, an abnormal response to 
glucose loading. 

Levine: Well, I hate to bring that one case up again, but we had a case a few 











496 SURVEY OF OPHTHALMOLOGY 






years ago (I think that Dr. Becker saw her), a woman in her early forties who 
arrived at her physician’s office complaining of spots in front of her eyes. He 
looked in and saw what he thought was diabetic retinopathy. He didn’t believe 
her. He sent her to an ophthalmologist who confirmed it—hemorrhage, prolifera- 
tion, etc. Dr. Becker will be able to describe what he saw subsequently. 

We performed metabolic studies. She had normal fasting blood sugar. She had, 
out of eight tolerances with and without cortisone, one that could be considered 
somewhat abnormal. The rest of them were all normal. 

She still does not have a diabetic tolerance curve spontaneously. 

Kinsell: This would be the extreme exception. 

Levine: I bring it up simply that such an extreme exception should teach us 
something; that one can get an individual with extensive, typical diabetic bilat- 
eral retinopathy and albuminuria with normal glucose, with normal cholesterol 
and lipids—an individual with an extremely hereditary mark of diabetes. 

We are confronted with this. I think that any hypothesis that one may fashion 
about such lesions must include such a case, and I, for one, cannot see how we 
are going to just put blinders on and say it must be something related to insulin 
and glucose metabolism in some way. I think that this would be the nine points 
of view and the nine hypotheses. 

I have nothing against the proposition that good carbohydrate and good food- 
stuff metabolism will ease the appearance of complications, will perhaps prolong, 
will perhaps make it easier, because I can see that disturbance in intermediary 
metabolism would make it worse for the patient’s tissues; but any hypothesis 
that we fashion has got to account for this extreme up to the other extreme. 

Lukens: A working hypothesis does not have to be exclusive, does it? 

Levine: Not at all. There can be many of them at the same time. 

Striker: Randall Sprague had several such patients who entered the Mayo 
Clinic and were seen initially in the eye department and later were referred to the 
metabolic division because the retinal changes were suggestive of diabetes. 

Levine: Whenever such a case happens in Chicago, I thought the patient ought 
to see Dr. Becker, which she did, but she thought she ought to see the Mayo 
Clinic. 

The ophthalmologist started immediately on a sermon, and bawling her out 
for not taking care of her diabetes. 

Knowles: There are many patients who have minimal evidence of diabetes, 
and whose first suggestion of diabetes is the eye finding or findings, but the 
number of patients who literally have a normal response to the carbohydrate 
loading are most uncommon. This again, the fact that it can happen once, would 
raise some interesting questions. 

Becker: It happens more than that. 

Sangalli: I had an identical case 4 weeks ago, and we have done several 
attempts of loading the patient with glucose. We could not demonstrate 
any evidence of abnormal tolerance. Using hydrocortisone, prior to the test, 
on one occasion, the patient showed a mildly diabetic curve. This patient has an 
infinite number of typical diabetic retinopathy lesions confirmed by a score of 
ophthalmologists. 
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Becker: I think there are many more of these. We tend to see them. Friedenwald 
reported on two at a meeting of The Johns Hopkins Medical Society. One of the 
most interesting aspects of these was that some years later, the patients did have 
positive glucose tolerance tests. In each of some dozen such cases that I have 
seen, there has been a strong family history of diabetes. 


Role of Insulin Antibodies and Insulinase 


Bloodworth: I might add that sometimes you see a patient with Kimmelstiel- 
Wilson glomerular lesions where there is no history of diabetes until you investi- 
gate, and then you uncover a few facts which indicate this patient probably did 
have mild diabetes. 

I would like to go back to the point you brought up a while ago. We started 
out talking about diabetes as a disease of insulin deficiency, and then you brought 
up the fact, Dr. Levine, that many of the diabetics probably have normal or 
excess insulin produced in their body. Certainly, when you add to it the insulin 
we give them, I am sure many diabetic adults have more than the normal amount 
of circulating insulin. 

We know that insulin resistance can develop antibodies. We also know that 
insulinase exists. At least some substance is present in the body—I won’t be more 
specific—which apparently does destroy insulin. Those who are working with me 
on this feel that this material, this enzyme, whatever it is, probably has multiple 
functions. 

I wonder if it is possible that the excessive insulin that is circulating in diabetes 
may itself become part of an antigen-antibody complex which may be deposited 
in vessel walls. Or perhaps the insulinase mechanism may be used to such a 
degree, getting rid of the excess insulin that the other actions of the insulinase 
enzyme may be deficient and therefore some product which normally would be 
destroyed or changed by the same enzymes may then be allowed to remain in the 
body and contribute to the development of diabetic complications. 

And finally, how do you know that these so-called “mild diabetics” are just 
slightly deficient in insulin? Of course their carbohydrate metabolism is only 
slightly abnormal, but what is the status of their insulin production? Do they 
produce excess insulin in them which is simply counterbalanced by one of 
these various mechanisms, or can we say anything about that? 

Levine: I don’t believe so; I think Dr. Lukens would have more to say on the 
counterbalancing mechanism. I just want to bring up one point which he stressed 
before. There are now two cases which are of extreme importance—again excep- 
tions, but they are the things that make us think. One was in Cleveland; the 
other, in Philadelphia, was an individual who was terribly insulin resistant. 

Marble: We had a similar case a few months ago. 


Sickle Cell Disease 


Striker: I would like to ask some of the ophthalmologists here whether sickle 
cell disease produces microaneurysms and to what extent they resemble diabetic 
retinopathy. 

Leopold: Dr. Becker. 
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Becker: There are microaneurysms in sickle cell disease. They tend to be located 
in the periphery, in areas of vascular obstruction. The differential diagnosis is not 
usually very difficult. 

Strisower: So this is a different pattern and is not to be considered. 

Becker: It resembles more a vascular obstruction type of disease. One sees 
microaneurysms in venous obstructions; one sees them in other conditions; but 
the characteristics of the diabetic picture are different. 

Maumenee: In sickle cell anemia, the slowing down of the blood column in the 
arterioles, the capillaries and so forth— 

Strisower: As far as the retinal changes are concerned, they are so different 
that you could look at it and say this is not typical. 

Maumenee: They are in the periphery in sickle cell anemia in another part 
of the retina. 


Role of Heredity 


Leopold: Dr. Dolger. 

Dolger: I think Dr. Ditzel’s experience with the siblings of known diabetics, 
who displayed abnormal conjunctival responses, and the study of Dr. Lax, the 
Columbia Division at New York City, showed that there was abnormal peripheral 
blood flow in siblings, of known diabetic children, which would indicate that in 
all of these instances the term, biogenetic pattern, must be invoked, in that these 
people are genetically diabetic. 

The way we measure by blood sugar deviations is so latent a manifestation 
that we should label these people as diabetic without diabetes. We have done this 
with various other diseases. 

Leopold: If you don’t mind, at this point I don’t want to interrupt the discus- 
sion—we will come back to this—but I would like to get on with the next group 
that we touched on here, and have Dr. Sangalli present his material at this point. 


PituITaRyY FUNCTION AND D1ABETIC RETINOPATHY 


Sangalli: I am kind of bashful to bring up another controversial point, in 
presenting this pilot study that we have done at the University of California, 
Donner Laboratory, using the facilities of the 184-inch cyclotron of the Lawrence 
Radiation Laboratory in Berkeley. 

We had this unusual beam available, and we knew from experimental evidence 
in animals that we could safely destroy the pituitary or inhibit the pituitary 
function to a marked degree by delivering a large dose of radiation to the sella 
turcica with extreme accuracy. For this reason, when we started to treat a group 
of breast carcinomas, now numbering to roughly 130 cases, we became interested 
in determining the possible role of pituitary oblation on the material course 
of progressive diabetic retinopathy. 

This study began a little over 244 years ago and to this date, we 
have irradiated—I won’t say treated—18 patients, all presenting the classical 
fundoscopic changes, of diabetic retinopathy, all, with the exception of one, 
showing evidence of marked renal involvement and all, more or less, approaching 
a moderate to marked degree of visual impairment. 
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I think that before entering into the actual details of the study, I will discuss 
the technique of this particular method of irradiation. 


Cyclotron Mechanism 


The 184-inch cyclotron is composed of a 4000-ton electromagnet, a vacuum 
chamber between its poles and two accelerating electrodes connected to a source 
of alternating voltage. For cur particular study, we have been using a-particles, 
which are obtained from helium gas, and are accelerated by the cyclotron; the 
energy applied to these particles is 910 million electron volts. 

Such particles can be focused into a beam of high energy the size and con- 
figuration of the sella turcica. They can be aimed accurately at the pituitary 
gland and are essentially undeflected and do not lose appreciable energy in their 
passage through the head. I want to insist on the point that I just mentioned 
about the focusing device and the focusing property of the beam. 

We can irradiate with either a proton or an a-particle beam, the difference 
being only that the energy applied to the a-particle beam is higher because of the 
intrinsic physical properties of the accelerated particles. We can shape that beam 
to the size of the pituitary of a rat or to that of an acromegalic. Scattering is 
practically negligible. 

Through the work of Dr. Cornelius Tobias, Professor of Physics at the Univer- 
sity of California, and Dr. John H. Lawrence, Director of the Donner Laboratory, 
a very complex apparatus is available in order to direct and align the beam to the 
pituitary with an accuracy of 0.1 mm. throughout the period of radiation. 

The beam can be shaped to fit the size and contour of the sella. Consequently, 
we can irradiate very small sellas, as well as the enlarged sellas of acromegalics. 

The beam travels in a straight line and obviously, is on the path of very im- 
portant nervous structures. We find on its path the third, the fourth, and the 
sixth cranial nerve and all of the surrounding structures. 

In order to deliver the full dose in the center of the pituitary and to avoid 
radiation damage to surrounding structures, Dr. Tobias has devised a rotator, 
which is a very accurate instrument that rotates the head of the patient 70 
degrees, and this rotation is combined with the rotation of the patient on a bed, 
where the patient lies comfortable, throughout the period of exposure to the 
beam. 

The table is rotated on 12 planes throughout treatment, and the head rotates 
constantly while the beam is applied. 

Prior to treatment, each patient is fitted with an individually made mask. The 
technician prepares the mask which is made first with a cast. From a cast is 
obtained a plastic, very rigid enclosure, which fits the head of the patient, and 
covers the head down to the nose. It has two openings for the eyes so that the 
patient can see the environment without fear. 

The fitting is extremely accurate, and motion of the head within this rigid 
enclosure is less than 0.5 mm. in any direction. 

Once the mask is made, the patient is taken up to the cyclotron. The beam, 
by means of a deflector, is directed through a tube into the so-called medical 
cave. 
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The plastic mask is solidly fixed to a rather complex instrument which is the 
timer and rotator. The position can be adjusted on three axes, and after the gross 
adjustments are made, based on a complex procedure that is irrelevant at this 
moment, the beam comes out in a tube that brings the energy directly into the 
apparatus. A filter is applied, and the beam is then shaped by means of an aper- 
ture to fit the size of any sella. 

We have all varieties of apertures; generally the size and shape of sella is 
determined and we make individual apertures. 

Now that we have a long experience, we see that sellas are pretty much the 
same, and there are about 10 or 15 varieties, and the same ones can be used over 
and over, according to the patient under treatment. 

The beam is then directed to the pituitary and is focused by means of a fluor- 
oscope in the AP and on the lateral position. 

Once the focusing is done, a film is obtained and developed and if focusing of 
the sella is satisfactory, we apply a beam for a fraction of a second and we leave 
the actual impression of the beam on the film, so that we can judge whether the 
beam during treatment will cover the entire margins of the sella and will be 
accurately centered. 

If we are dealing with an acromegalic, the size of the beam is larger and is 
adapted to the deformed shape and size of the sella. 


Dosage 


As far as radiation dose is concerned, we must say that we have delivered all 
sorts of doses during the past 2 years, attempting to define a dose which will 
result in hypophysectomy in the largest percentage of cases. We know that 
there is a definite individual variation in sensitivity of the pituitary to the 
beam. 

We have found, however, any dose above 19 to 21 thousand rads (a rad, the 
unit that we use, isa little more than a roentgen) to be effective, causing hypophy- 
sectomy in a period ranging anywhere from 10 days to 3 months. Below that 
figure, we have noted that a longer period of time is required to achieve a hy- 
pophysectomy or at least a measurable degree of pituitary suppression. In 
general, we find that if we have some cells remaining, usually at the periphery 
of the gland, this is due to the property of the beam and to the technique. 
The dose that I am speaking of, this 24,000 or 20,000, whatever it may be, nor- 
mal dose, is accurately calculated but is calculated to the center of the 
pituitary. 

For practical purposes, the area that is covered by the beam, due to the rota- 
tion of the head, and to this beam being fixed from different angles, the entire 
pituitary area is pretty much covered with similar dose. However, there may be a 
fall-off of 10 per cent as you reach the periphery of the gland. The reason for this 
is that we are trying to avoid particularly the third nerve, which is the closest 
to the sella. 

The actual dose delivered to the cranial nerve, particularly to the third, fourth 
and sixth, is roughly 10 to 15 per cent of the total dose Uf you go farther away 
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from the pituitary, naturally the dose falls off and as you reach the skull, the 
dose is only one-fiftieth of the dose calculated at the center of the pituitary. 

Going back to the group of diabetics, I would like to emphasize that this has 
been a pilot study. I think that we can argue at length, and with good reason, 
whether one should perform or even attempt to perform hypophysectomy in 
diabetic retinopathy. 

The reason for our study was that we had available a beam that could be 
tolerated by the patient with no untoward effect, with a very low incidence of 
complications and I will go into that later. 

It is a procedure that can be done at any stage of the disease, can be done in 
the very advanced breast carcinoma, where surgical hypophysectomy would 
not be considered for purely medical reasons. Because of all these reasons and 
because of the controversy on the role of hypophysectomy, we have attempted 
to do a reasonably substantial group of patients, and then rest the case there, 
follow these patients for a sufficient length of time and see what happens. 

It has nothing to do with the basic understanding of what is going on, but we 
felt that if some definite effect could be demonstrated, there will be a worthwhile 
contribution. 

So far we have treated 18 patients. Their average age was 42.5 years. We had 
a predominance of males. I failed to put the exact number down, but I think we 
had 12 males and 6 females. The average duration of diabetes was 15 years, 
and ranged from 1 year to 27 years. 

All patients were in the so-called progressive phase of the disease. We had no 
less than two, often three, ophthalmologists see the patients before irradiation, 
to determine the degree of retinopathy and the progressive nature of the 
disease. 

In many cases the same ophthalmologists, primarily Dr. Hogan and his staff 
at the University of California, have seen the patients repeatedly, have followed 
the course of their disease, and they felt that the disease was definitely 
progressive. 

The average duration of retinopathy ranged from 4 months to 6 years, the one 
with 4 months being a very progressive case of a young internist from the East 
Coast, with loss of vision in one eye, and numerous hemorrhages on the other 
side; and we did him primarily because there seemed to be very little doubt about 
the progression of his disease, in spite of the relatively recent onset. 

Of the 18 patients we have followed for 1 to 214 years, only 9 patients are still 
in the process of evaluation. 

We realize that 214 years is a very short period of time, that the natural history 
of the disease could do this just as well. 

We have not included in the evaluation 7 patients that have been followed for 
less than 6 months, and 2 patients that we have accepted, and today we would 
not accept, because of very advanced renal disease. One is in the nephrotic stage 
and the other one was at the beginning of the nephrotic stage. The disease pro- 
gressed unrelentingly, and both died. 
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Effect of Irradiation on Selected Patients 


Following is a brief explanation of the dosage for several patients. 

The first patient, received 19,000 rads and is the longest follow-up we have. 
This patient had advanced retinopathy. We waited a long time before seeing 
what we could call hypophysectomy effect in this particular instance. It took 
easily 6 months before we could see a fall of the usual parameters such as gonado- 
trophin, 17-ketosteroids, '' uptake, etc. It took actually 3 months before we 
could see a fall of the gonadotrophin levels. It took 6 months before the protein- 
bound iodine (PBI) fell to abnormal levels and even today there is only a slight 
to moderate decrease in the levels of 17-ketosteroids and 17-hydroxycorticoids, 
measured in the 24-hour urine. The right eye was blind before treatment, and 
all we have witnessed during all of this time is a slight clearing of the vitreous. 

The opposite eye, however, the good eye, has remained unchanged for the 
past year after an excellent clearing of old hemorrhages and exudate and only 
one small hemorrhage has occurred during all this time. Vision in this eye is 
practically normal now. 

Another patient is a very young lady, age 24. We did her reluctantly, but were 
gratified by the fact that now, 18 months after treatment, a grade III reti- 
nopathy is no longer demonstrable. 

In the other 2 patients, we have seen an improvement, not as striking as the 
first 2, but definitely regressive changes in the degree of retinopathy. That makes 
a total of 4. The other 2 are stationary, and by that I mean that we really cannot 
say that anything is happening. Visual acuity is the same. There is still residual, 
proliferating retinopathy which has not changed. We cannot say they have im- 
proved and we cannot say that they are worse. 

Then there are 2 that are slowly progressing and 1 who is now blind. This lady 
became blind about 94 months after treatment. 

During the 3 months prior to her total blindness she gained 18 pounds in 
weight, and she is now about 240 or 250 pounds. 

The course of renal disease was measured by nonprotein nitrogen (NPN), 
serum creatinine, urine sediment, and creatinin clearance. Incidentally, all of the 
patients are followed at 6- to 8-week intervals, with the exception of 3 patients 
from the East that we have seen only at intervals of 3 to 5 months. 

Using those parameters of renal function, we have seen no improvement in 
any of the 9 patients followed so far. We can say that in 6 the values, whatever 
they mean, have not changed. 

There are 3 where the disease is slowly progressing. 

In addition to that, we have the other two that I mentioned originally, the 
two that had the nephrotic syndrome and died 3 or 4 months after treatment. 

This should be enough to start a discussion. 

Leopold: Dr. Spargo will start. 

Spargo: I would like to ask—perhaps you mentioned it and I missed it— 
whether, in the case where there was a regression of the lesion, there was a blood 
pressure change? 
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Sangalli: In 2 of the 4 “improved” there was a fall in blood pressure which was 
significant. In the others, there was no significant fall. 


CHANGES IN INSULIN REQUIREMENT 


Changes in insulin requirement have been noted in 8 out of 9 that we have 
followed; however, they had varied in degree, ranging from very striking to 
moderate. 

The observation regarding the decrease in insulin requirement was somewhat 
impaired by the fact that after observing this decrease in insulin requirement, 
we were forced to replace the patients with hydroxycortisone, and with thyroid 
extract because of manifestation of hypothyroidism and hypoadrenalism. Con- 
sequently, with replacement therapy, we have observed in a number of circum- 
stances that insulin requirement will go up, although initially, in 8 of 9 patients, 
there has been a drop in insulin requirement. In some, it was very striking; in 
others, less striking. 

Leopold: Dr. Levine. 

Levine: I would like to ask you whether you know which one of the functions 
of the pituitary that you have measured correlates best with the improvement; 
in other words, the reduction in adrenocorticotropic hormone (ACTH) thyroid- 
stimulating hormone (TSH)? 

Sangalli: I wish I did, but I actually don’t. 


INFLUENCE OF THYROID FUNCTION ON RETINOPATHY 


Levine: Put it another way: Does anybody know whether reduction of thyroid 
activity to the same extent that would be done by hypophysectomy has ever 
been done and followed with its effect on retinopathy? Is it all a question of 
metabolic—not rate, because thyroid isn’t just metabolic rate—but thyroid 
function. Everybody has focused, of course, on ACTH, but do we know anything 
about it? 

Sangalli: I cannot make any definite statement about that. I can only say 
that what has impressed me most about this particular group of patients is the 
fact that I cannot really make a correlation between the degree and extent of 
hypophysectomy effect and the improvement of the retinopathy. 

In other words a patient that received considerably less irradiation, like the 
19,000 given one of our patients mentioned earlier, has shown very remarkable 
improvement in retinopathy, yet was one of the slowest in showing a metabolic 
effect. 

As I said, as far as adrenal function is concerned, she is still what you would 
consider low-range of normal, although she had high normal values prior to 
irradiation. 

Levine: We may proceed with this, because it is important from the endocrine 
standpoint. In replacement therapy of hypopituitarism, we ordinarily use, as 
you mentioned, cortisone and thyroid; sometimes a sex hormone is used, but 
usually it is not. The one replacement we never give is growth hormone, because 
we haven’t had it before, in the first place. In the second place, there is nothing 
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obviously wrong in the adult, you know, with respect to getting shorter, so that 
we need to do it. 

If there is real improvement in a good percentage of hypophysectomies, and 
if this is the one not replaced, this is the one we are to focus on, because other- 
wise it doesn’t make sense. You are doing hypophysectomies; you are going big 
on cortisone and thyroid and retinopathy improvement. 

Knowles: It is not quite that simple, is it? You are right about cortisone, but 
the adrenal does make more things. 

Levine: Before we get more complex, why not start with the simple notion, 
before we get to the spectrum of steroids? 

Van Eck: If you want to include all those factors, it seems to me, it would be 
nice if you could do it, but it would take a tremendous amount of time and a 
great number of patients. 

Levine: I am suggesting something else. I am suggesting surrender of total 
thyroidectomy with extremely minimal replacement as is used, let us say, in 
angina, of the series that has been followed up in several places, without teaching 
the hypothesis at all. 

As far as diabetic retinopathy is concerned, Dr. Russell Wilder, years ago did 
thyroidectomies and showed amelioration of metabolic phenomena, but he wasn’t 
interested and didn’t push his patients from that standpoint. 

Danowski: Do you think there is a therapeutic effect shown here? 

Levine: Shown? That is a tough question, Dr. Danowski. 

Sangalli: I would say that I am not satisfied with what we have observed so 
far. I feel that anything that we have seen here could be explained by the natural 
history of the disease. After all, improvements in the course of diabetic reti- 
nopathy are not an unusual thing. I wouldn’t say it is common, but it is not un- 
heard of. The period of observation is brief. We are far from believing that we 
have found the solution to a long-standing problem. We would like to obtain 
some criticism here and also would like to see what else we could do to arrive at 
a better selection and more adequate study of our patients. 

In this respect I must say that the type of patients that we had, particularly 
the initial 6 or 7, were advanced cases. In the entire series of 18 patients, only 3 
patients showed a moderate degree of retinopathy; the remaining 15 were 
advanced cases showing every manifestation of the disease. This factor may very 
well be an important point in assessing the results of therapy. I am not saying 
that by getting earlier cases we may obtain better results; I am only saying that 
this was the type of material we had and that we believe certain retinal changes 
are irreversible regardless of therapy. 

Leopold: Dr. Larsson, have you had experience with the patients that Dr. 
Luftus handled in Sweden? 


Course oF D1aBetic RETINOPATHY 


Larsson: I haven’t seen his cases, but we have made a study which might be 
of interest in connection with what we just have said about the natural course 
of the disease. I think always when you have to evaluate the results of any treat- 
ment, you have to be aware of what is happening without any detriment at all. 
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To confirm what happens if one doesn’t do anything for diabetic retinopathy, 
we have a group of patients which we have seen within an interval of 10 years. 
They have been followed in the meantime, but we compared their eye status 
10 years before and their status now. The four groups of patients, are grouped 
according to degree of retinopathy, 10 years earlier, and in the classification we 
have used, which may not be quite the one mostly used now. It is 3 stages: 
hemorrhage, exudates, and pylonephritic retinitis. I am aware this is not the 
type of classification that we had at the last examination which would enable us 
to compare what we saw 10 years earlier when this classification was used. 

Some cases at earlier examination had only aneurysms, or no retinopathy; 
others had stage 2, 3, and 4 of retinopathy. 

After 10 years, although there is some progress, there is quite a big percentage 
in each group where there is no progression at all, and even a regressive situation. 

All of these patients were examined by the same ophthalmologist both times. 
In one group there is powerful material showing that there will be 30 or 40 per 
cent, which are stationary or have improved. 

The same is true in a second group. And in another group more than 20 to 25 
per cent of the patients have improved from this stage. And another 10 or 15 
per cent have been stationary. 

In the third stage there are more than 40 per cent of the patients who are 
stationary. 

I should like to ask the ophthalmologists: When you are talking about progres- 
sive retinopathy, can you, when you are examining eye grounds, compare one 
patient to another and say that one is a progressive patient and the other one 
is not? 

Van Eck: Do I understand correctly that from all the patients in those four 
groups only a very small percentage showed improvement? You state that 30 
or 40 per cent remained stationary, but what percentage actually improved 
spontaneously? 

Larsson: In one group which is the second, the bleeding, the hemorrhages, 
have disappeared. One couldn’t find any signs of retinopathy at all, although at 
that earlier period they all had hemorrhage. 

In the group where you have exudate, practically all of them still have exudates 
and hemorrhage, but in a small percentage, only a few patients, the exudates 
have disappeared. 

Van Eck: So it is safe to say if you have a large group of patients, only a very 
small percentage of those with severe diabetic retinopathy would improve 
spontaneously? 

Larsson: That’s right. The majority of them within these groups have not 
progressed. 

Reversibility 

Leopold: Dr. Bloodworth. 

Bloodworth: I am in the embarrassing position of favoring several hypotheses, 
all of which are different. 

However I would like to ask one basic question: Is diabetic retinopathy 
reversible? 
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I think the answer is yes in some cases. It certainly waxes and wanes in the 
early stage. You are no doubt familiar with Poulsen’s case,* in which he reported 
a complete recovery following postpartum pituitary necrosis with pituitary 
insufficiency. 

Histologically there are certain changes which appear reversible, and some 
that do not. 

Of course, neovascularization is, for all practical purposes, permanent. 

Now, another point: Is it the age of the patient which determines the degree 
of reversibility of microaneurysms? For instance, we know that certain tissues 
may show a degree of regeneration in young people that is not seen in older 
people. 

It would appear that the vast majority of the hypophysectomized patients 
reported by Dr. Sangalli are terminal or relatively seriously ill patients, in which 
the metabolism was probably abnormal, and in which the retinopathy was 
probably far advanced. One might not expect such patients to recover while the 
24-year-old woman probably showed only early reversible retinal disease. 

There are several patients who appear to have abnormalities of the pituitary. 
I am very much intrigued by the fact that the pituitary melanaphore hormone 
is supposed to be elevated in the diabetic. There have been reports that diabetes 
results in increased melanin pigmentation, though this is questionable. We still 
do not know exactly what this melanaphore hormone does. 

I want to mention one more thing: 

We have a colony of pituitary-diabetic dogs which we plan to study for 5 
years, autopsy them, and compare vascular changes with those of normally 
diabetic dogs. 


Glycoprotein Values 


Since we were doing plasma glycoprotein assays, we decided to see what 
happened to the plasma glycoproteins as the dogs became diabetic due to growth 
hormone administration. The normal plasma glycoprotein level, as you probably 
know, is quite variable. If we assume 100 units is normal, dogs, as well as human 
beings, will show a variation from approximately 60 to 140 units from time to 
time. 

We determined the normal range for each dog and then gave them growth 
hormones from 3 to 4 weeks to get them permanently diabetic. Every single 
dog, whether it became diabetic or not, showed an immediate response to a 
level of approximately 140 to 150 units, and stayed at this apparently “maximum 
level’’ consistently for 2 to 3 weeks. This response was found for all glycoprotein 
measurements. Incidentally, only about 20 per cent of the dogs will become per- 
manently diabetic when you give them growth hormone. 

We stopped the growth hormone administration after 4 weeks. The dogs 
which ultimately remained diabetic showed a persistent elevation of glycopro- 


* J. E. Poulsen: Recovery from retinopathy in a case of diabetes with Simmond’s dis- 
ease. Diabetes, 2: 7-12, 1953. 
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teins. The glycoproteins returned to the normal level after 3 to 4 weeks in those 
dogs which showed only temporary or no response to growth hormone. 

I don’t know exactly what the significance is, but obviously the pituitary 
growth hormone has an effect on glycoproteins. 

As controls, we studied many normal dogs. We also administered ACTH and 
cortisone to dogs and found very minimal, if any, changes in the plasma glyco- 
proteins. 

This is a specific effect of pituitary growth hormone on glycoproteins, for 
what it is worth. 

Sangalli: We had no experience with recurrence, but you have to realize that 
our follow-up is very brief; maybe 2 years from now we will be able to answer 
your question. At the present time, we cannot. 

In regard to the second question, I think it is a very intriguing possibility, 
certainly an easier and more homogeneous group to study. It is a very good 
suggestion. 

Van Eck: When you followed those patients and studied the improvements 
in the retina, what did you see? What change did you see first? 

Sangalli: The first thing we have observed in almost all of those that have 
improved was reabsorption of exudates and hemorrhages. 

Then, particularly on the 2 young women we have seen the disappearance of 
definitely well documented microaneurysms. In the youngest of the entire group, 
we have seen the sacculation of veins and the caliber and size of veins diminish, 
so much so that we had ophthalmologists, more than one, see the patient and 
make their own diagnosis; they really couldn’t see any abnormalities in the 
veins. 

This was the other change we had seen. The first thing we see in general is 
good-sized hemorrhages are reabsorbing, some exudates disappearing, and later 
improvements in the veins and disappearance of microaneurysms. 

Van Eck: Do hemorrhages and exudates disappear at approximately the 
same rate? 

Sangalli: Again I cannot answer your question, for, as usual in a clinical study, 
it is a very unusual set-up. The patient comes to see you today, the first of May, 
and then returns again on July first. On July first you don’t know what happened 
between May and July, but you assume somewhere along the line something 
cleared up, and that is the best you can do. 

I would like to say one word about the growth hormone. I think it is a very 
good suggestion. We have an exchange of service with Dr. C. H. Li in Berkeley. 
He is going to study with his method growth hormone levels before and after 
treatment. 

He has done this on the 8 or 9 acromegalics that we treated with this technique. 
In acromegaly this method of irradiation is the method of choice, because we can 
get an adequate dose into the sella. We have done only 9 cases, but we hope to 
do more. 

Bloodworth: Why limit the study to growth hormone? Can you get him to 
assay other hormones, too? 
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Sangalli: I don’t think so. 

Hartroft: I have two brief questions. The first is: You mentioned renal vascular 
changes; did any of these patients have other evidences of vascular disease 
elsewhere, such as gangrene, and if so, how were these lesions affected? 

The second question is: In any of your irradiated patients of this or any other 
series (e.g., those with carcinoma of the breast), have you ever found evidence of 
regeneration of the gland at autopsy? 

Sangalli: First, I would like to speak about vascular disease. Three of this 
group of 9 patients that we have followed now for the stated length of time 
had evidence of arteriosclerotic heart disease and at least suspicious evidence of 
peripheral arterosclerosis. One of them had amputation of the toes of one leg, 
and he is 1 of the 4 that have improved. This man couldn’t drive—he now 
drives, and is actively doing many things he couldn’t do before. Many of the 
vascular lesions in the good eye have disappeared. I have not seen a progression 
of the vascular disease. 


Complications of Irradiation Therapy 


In regard to complications, I think this is something that I would like to bring 
up in some detail, because this is important. 

When you speak of 24,000 rads delivered to a little gland in the middle of the 
skull you wonder, is this therapy safe? I would like to be able to show you the 
clinical material, and how little evidence of disturbance of the third, fourth, 
and sixth nerve we have had, even with these very high doses. 

I don’t want to look like a salesman, but this is important from a scientific 
point of view. 

One of the patients came down here today, because I had not seen her for 
some time, and in view of my coming East, she took the opportunity, being in 
Philadelphia, to come here. This person has no damage whatsoever, though she 
has received 24,000 rads. 


CRANIAL NERVE INVOLVEMENT 


We have received our share of complication. In approximately 40 per cent of 
the total group, including the breast carcinoma group, we have observed the most 
peculiar type of involvement, of the third nerve. Approximately 2 to 4 weeks 
after treatment, the patient complains of diplopia on getting out of bed in the 
morning. This diplopia may stay with the patient from 1 minute to perhaps 
a half hour, perhaps on rare occasions 40 or 50 minutes. 

Then the patient starts to do some work about the house, and the diplopia 
disappears. In the afternoon the same patient may lie down for a while and may 
get up again experiencing transient diplopia. 

This complication goes on for roughly 1 to 6 or 7 months, in some of the cases, 
with gradually decreasing severity. Then, all of a sudden, it disappears, just 
as fast as it came. In others, briefer and less frequent episodes may recur. 
We have asked a number of neurologists and so-called neuro-ophthalmolo- 
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gists to tell us what was happening. Everybody says it must be due to irradia- 
tion. We know that, but we would like to know how to explain this, and we 
really don’t know the answer. 

The serious complications that we had in terms of more permanent third and 
fourth nerve damage or palsy have been in a few patients that received either 
24,000 or 27,000 rads, and in general patients with arteriosclerosis, and the total 
number of these in the entire series of about 150 patients, if I include everybody 
irradiated at the cyclotron, adds up to about 3 per cent. 

This 3 per cent of the total had some severe, damage to the third, fourth and 
sixth cranial nerves largely due to a dose that, although tolerated well by others, 
was obviously too high for these cases. Our experience today is much greater in 
selecting an adequate but safe dose and we believe that morbidity of this type 
can be significantly reduced. 

In this particular group we had 3 cases, one diabetic and two breast carcinoma 
patients with severe involvement of fourth, fifth, and sixth nerve. The diabetic 
is now improving. We had considered to do various surgical procedures to correct 
this problem, but now he can open his eyes easily. His vision is getting better, 
and by covering one eye, he can see reasonably well from the good eye. We are 
waiting to see when will be the optimum moment to correct his trouble. This 
has been the type of complication we have seen. 

Headaches have been present quite frequently, but it is a very, very difficult 
symptom to evaluate. 

However, about 5 per cent of the total group, presented headaches of a per- 
sistent character for weeks or months that may have been related to radiation. 
Dosage used had little to do with severity or frequency of headaches; it is a very 
subjective problem. 

The question can be raised: What is going to happen 5 years from now? Well, 
in a case of breast carcinoma I really don’t care what is going to be the late 
effect. In a diabetic, I do, knowing what the natural course of the disease is 
going to be. 

For this reason, after doing this initial group as a pilot study, with 21,000 
and 24,000 rads, Dr. John Lawrence and our entire group have decided that 
perhaps we should do a group of at least 10 to 15, with only 16,000 rads. 

We know from animal experiments that eventually hypophysectomy will 
take place, being that the time required for hypophysectomy is directly pro- 
portional to the dose. 

Hartroft: Was there evidence of any regeneration in the endocrine tissues? 
Has regeneration with formation of new endocrine tissue ever been found in 
follow-up of your cases? 

Sangalli: I couldn’t answer your question. I just don’t have enough evidence 
for that, because the evidence is in autopsy material. A patient with progressive 
metastatic disease, either does well and has a remission and eventually has a 
return of the tumor, and then final death; the period of time is probably too 
short. 

I have a good patient who, at the end of 1954, received 28,000 rads by the 
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proton beam which was used then. Now we use the a-particle, but there is no 
basic difference. 

This lady has gone now 5 years; her metastatic carcinoma is still quiescent. 
There is some evidence now that she might be getting some return of her disease, 
as shown by some increase in lesions in her bones, and some subjective symptoms. 
The sedimentation rate has been going up and she seems to be having a re- 
currence. 

It would be interesting to see what her autopsy material shows because she 
is the longest follow-up we have. 

Graef: Did any of your patients, diabetic or non-diabetic, develop cataract 
after irradiation? 

Sangalli: No. 


DIABETES INSIPIDUS 


Graef: Do any of them develop diabetes insipidus? 

Sangalli: A good number develops diabetes insipidus. 

Graef: How promptly? 

Sangalli: It all depends on the dose. If we give a very high dosage, we generally 
witness the profound metabolic change that you see with surgical hypophys- 
ectomy over a period of anywhere from 10 days to about a month or less. With 
this you have diabetes insipidus. 


VISUAL FIELD 


However, this goes back to the fact that we are aiming at the very center of 
the pituitary. In none of our patients have we seen, after treatment, any defect 
in the visual fields. We checked visual fields before they go up to the cyclotron 
and after. 

We have seen, as I told you, damage to the third nerve and the fourth nerve, 
but we have not seen any damage to the optic nerves. 

The only patient that has shown damage to the optic nerve came back this 
week. She is a lady with metastatic cancer and the lesion is so well localized, 
involving one eye, that we sent her to Dr. Bronson Ray, to see whether he 
could do a removal of this probable metastasis, because elsewhere she is fine; 
she has had a remission of 2 years’ duration. This is the only one that has shown 
a defect in the optic nerves. 

Leopold: Dr. Maumenee. 

Maumenee: I would like to talk a little bit more about the retinopathy and 
mention more about that. 

It is true that the percentage of patients that definitely improve with retinop- 
athy is small. But the percentage of patients who may have hemorrhages and 
exudates in one part of the fundus, and have these clear in part of the fundus, 
and have it reappear in another part of the fundus, is not small. I hope Dr. 
Becker will mention how many times he can recognize microaneurysm in the 
fundus in contrast to small aneurysms and Dr. Kinsell has a perfect series of 
patients followed for a long period of time with hypophysectomy. I hope you 
will allow him to bring those up. 
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Leopold: Dr. Becker, will you do that now? 

Becker: I can do it very briefly. As I see it, the first finding is that of capillary 
microaneurysms. One can follow patients for many, many years with capillary 
aneurysms and nothing else. When these resolve, they may disappear com- 
pletely, or they may just appear as little white spots in the fundus. With current 
methods of examination it is possible to distinguish these white spots as different 
from other white spots because of their location. 

At some stage in the disease these aneurysms become surrounded by exudates. 
Some of what is called exudate is really a collection of hyalinized aneurysms, 
and the other is true exudation. 

The aneurysms are also surrounded by hemorrhages of various sizes. There is 
only one criterion for differentiating a very small round hemorrhage from a 
capillary aneurysm, and that is how long it takes to disappear. A very small, 
round hemorrhage will disappear in a matter of 3 or 4 days or a week, whereas 
a microaneurysm will last for months. 

Then, for some reasons that are not clear at all to me, some of the patients 
go on to develop such venous changes as irregular distensions and tortuosity. 
Associated with this, and perhaps resulting from it, larger hemorrhages occur 
into the retina. Some hemorrhages break into the vitreous and go on to pro- 
liferative changes. 


Variability of Course of Retinopathy 


I don’t know that I can define this in terms of what is progressive retinop- 
athy. We see patients who develop showers of capillary aneurysms, and then 
go for months with no further evidence of disease in either eye. Then perhaps 
in one quadrant or one area of one retina a shower of capillary aneurysms will 
develop—20, 30, 40 of them. 

The natural history of these is to change color slowly, to become darker, and 
then to disappear or leave little white spots. The disease can stay at this level, 
and often does, for many years. I don’t think it is uncommon to see patients that 
are referred to the ophthalmologist for diabetic retinopathy, which is evident 
enough to be seen without dilating the pupil, and to see these patients clear 
completely. When following these same patients for years, one sees them go 
through bouts of retinopathy, and intervals of no retinopathy. 

Leopold: What happens after that? 

Becker: Some of them remain in this mild often symptom-free state. Others 
go on to develop hemorrhages, proliferative change, secondary glaucoma, and 
retinal detachments. 

I don’t know that these are the same process, or that it is fair to choose patients 
for a given study on the basis of advanced changes as compared to early changes. 

Striker: May I just for the record read the transactions of the American 
Ophthalmological Society of 1868; Henry B. Noyes, M.D., New York City, 
described for the first time retinitis and glycosuria and he said, to confirm 
Dr. Becker’s statement: 


Without quoting authorities further, I give the figures of the following case: 
November, 1867. Mrs. M, aged 60, tall and spare, has for 14 years had urinary trouble 
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and during the three years past has been treated for it by Dr. B, who put her on rigid di- 
etary regimen and administered opium, GR. J. TER IN DIE. 

The case was clearly ascertained to be glycosuria, and under the above treatment the 
quantity of urine diminished and the health improved. 

In the summer of 1867 she had double iritis. Before this, an attack of inflammation, she 
says her sight was a little dim and after it had passed away, the adhesions of the pupils 
would account for an additional loss of sight. 

From her history it is impossible to fix the time when retinitis began. Her usual condition 
is as follows: 

Both eyes had one-twentieth. Right, V equals 20 over 40; left, V equals 20 over 60. In left 
the pupil responds very little to atropia, and it is dificult through the small aperture to see 
the fundus; the nerve is hyperaemic, edges well-defined, vessels a little turgid. Between the 
dise and the macula, minute glistening white points are seen in the retina, and at the mac- 
ula they form a circle; they have an exact look of specks of fatty degeneration in color and 
arrangement and lustre. There are also afew ecchymoses, some of them near, others distant 
from vessels. 

In right eye, similar appearances are seen, but in a less marked degree. 

The tissue of the retina clear, and the vitreous a little hazy. The above appearances are 
absolutely identical with what I have often seen in cases of chronic renal disease, and I as- 
sumed such must now be the case. I tested the urine and found absolutely no albumen and 
abundant sugar. 

I therefore determined on a rigid investigation to ascertain whether, as sometimes hap- 
pens, albuminuria and glycosuria might not co-exist, the evidences of albumen being for the 
time in abeyance. 

The patient was very intelligent and readily consented to aid my search. She kept a rec- 
ord of the quantity of urine passed per diem and sent me specimens twice weekly. Not being 
able to detect albumen by the usual tests, my next effort was to see if there might be defi- 
cient excretion of urea as must be the fact if there be serious kidney lesion. 


Zimmerman: I would like to ask why the showers of aneurysms come and go. 
Are they related at all to diabetes getting out of control, or to any other known 
infections? 

Becker: We thought this might be a most productive approach. That is why 
we have been following these patients. 

So far as I am able to tell, in consultation with endocrinologists following these 
patients, they can relate these to nothing whatsoever in the patient. 

I think it is important to stress the variability of the disease and the exacer- 
bations and remissions as a base line for studies, such as hypophysectomy. 

Leopold: Dr. Danowski. 

Danowski: Lowering the blood pressure in hypertensives has had no effect. 

Becker: Hypertensive retinopathy? 

Danowski: But not in those having hemorrhages. 

Becker: No. 


Influence of Hypophysectomy on Renal Disease and Nephropathy 


Kinsell: Dr. Becker has certainly made a case for the extreme difficulties in 
evaluation of any possible therapeutic or prophylactic procedure with reference 
to diabetic retinopathy. We hypophysectomized 9 patients with diabetic retinop- 
athy-nephropathy. The first patient was operated upon somewhat more than 
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5 years ago. Of the 9, 2 are living. The 7 who died did so as the result of pro- 
gressive renal insufficiency. 

Hypophysectomy will not stop progression of renal damage if the renal 
damage has progressed to any degree, 7.e., perhaps 30 per cent or more decrease 
of creatinine clearance. So, if one is going to do a hypophysectomy with any 
hope of influencing renal disease, it is necessary to select a patient with very 
minimal renal damage. 

It is impossible to make a dependable positive or negative statement with 
respect to effect of hypophysectomy upon retinitis. Dr. Luft’s and Dr. Pearson’s 
continuing observations may ultimately make such a statement possible. 

One further observation would be that we feel quite certain that we accomplish 
nothing insofar as neuropathy is concerned, inasmuch as 3 of these patients, 
who had no neuropathy at the time the hypophysectomy was done, at a subse- 
quent date developed progressive neuropathy. 

This would summarize our experience in this area. 

Leopold: Thank you. Dr. Dolger. 

Dolger: 1 have two questions to ask Dr. Becker. One is about the problem of 
retinal immunity. One sees patients in whom progressive retinopathy seems to 
be so flagrant and so rapid that you expect that this will end in total blindness 
rather soon, and suddenly the process seems to be arrested, somewhat spon- 
taneously. Retinal immunity seems to arrest the lesion at this level, and stay 
this way for years to come. 


Influence of Pregnancy 


The second question has to do with the fact that there is a situation where 
not infrequently we interrupt pregnancy in young women who show very 
massive retinopathy. Following the interruption retinopathy does recede. 

Leopold: Dr. Becker. 

Becker: I don’t know anything about it. I wish I knew more about retinal 
immunity. I don’t understand it at all. 

In answer to that question, and one other that was asked, I have seen 2 
patients, and here again we are emphasizing individual cases, who have had 
unilateral carotid occlusions, where the retinopathy has continued to progress 
in the opposite eye, but not in the eye homolateral with the carotid occlusion. 
Therefore, I did not mean to indicate that blood pressure plays no role. As to 
why some patients’ retinal activity becomes inactive, I don’t understand this. 
I think this would provide a direct approach to therapy, if we knew how this 
happened. There is evidence from several independent studies that pregnancy 
makes retinopathy worse, and that following the delivery or interruption of 
pregnancy patients get better. Again, the mechanism here is very obscure to me. 

While I am talking, I want to comment on two other things that were brought 
out—thyroidectomy and acromegaly. Acromegalics who are diabetic develop 
retinopathy but not to any greater extent than do other diabetics. Patients with 
acromegaly without diabetes do not have retinopathy so far as I am aware. 
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Influence of Thyroid 


The other point is about thyroidectomy. Some years ago we were very much 
interested in the relationship of thyroid disease and diabetes, and so we reviewed 
a series of about 40 patients with diabetes as to thyroid status. The over-all 
correlation was in the direction that those diabetics who had vascular compli- 
cations had lower basal metabolic rates (BMR) or had had surgical or medical 
thyroidectomies. This was very exciting to us at the time, because the question 
then was whether removal of thyroid released the pituitary and the stimulation 
of one or more factors in the pituitary might lead to progression of retinopathy. 

At a later time we went back to this data in terms of elevated cholesterol of 
thyroidectomized people with low BMR’s. This time we took a series of patients 
with diabetes, with and without retinopathy, and measured BMR’s and cho- 
lesterol. The major result was that I became painfully aware that patients with 
nephrotic syndrome have a low BMR. This distorted our statistics very early 
in the game, and we could go no further with it because patients with retinopathy 
have renal disease. 

Leopold: Dr. Zimmerman. 

Zimmerman: I want to ask Dr. Larsson specifically about the question of 
relationship of improvement or stationary picture as opposed to progressive 
retinopathy in relation to treatment, or adequacy with which the patient stays 
under control. 

In your study where 30 or 40 per cent of the people in each group who seem 
not to progress, was any effort made to determine whether they were better 
patients, who stayed on their diet and insulin and so on, 7.e., better controlled 
throughout the 10-year period than the others who did progress? 

Larsson: The majority of them were poorly controlled according to general 
standards. They all had permanent glycosuria, more or less, so there was no 
difference between them. 

We compared them as to the duration of diabetes. It was the same; age and 
onset, the same. The degree of exercise during the course, the same; dosage of 
insulin, 62 units as an average figure, and all those had no progressive indications. 

Those who had progressed didn’t seem to show anything. The only differ- 
ence we could find was that at the earlier point, those who didn’t progress 
had a slightly lower average, 173 gm., compared with 220 in those who pro- 
gressed, but even that is no big difference. I doubt if that is statistically signifi- 
cant. I couldn’t tell you. We couldn’t find any parameter where we could say 
why a patient progresses or not. 

Leopold: Dr. Danowski. 

Danowski: Are we prepared to say, maybe in some cases, that hypophysectomy 
does accelerate the course of renal disease? 

Kinsell: Not accelerate it? Am I quoting you correctly? 

Danowski: Hypophysectomy makes renal disease go faster in some cases. 

Kinsell: If I implied this, I didn’t mean it. 

Danowski: I am asking the question: Might it be harmful in certain patients? 
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Kinsell: Of our 2 survivors, 1 had almost no evidence of renal damage by 
ordinary evaluation at the time he was operated. He still has good kidneys. The 
other had sufficient renal involvement to cause us to question whether we should 
carry out surgery. He has had progression, but at a very slow rate. 

Of the 7 who have died, I don’t think that we had any reason to feel that we 
accelerated the course of renal damage, but as I noted above, neither did we 
significantly decelerate the progress in those with severe renal disease. 

Danowski: Yes, hypophysectomy has a change on renal function. 

Kinsell: This is very significantly related to blood pressure, among other 
things. 

All these patients were maintained in excellent condition from the standpoint 
of supply of peripheral hormones. 

In that connection, too, I would like to mention that without exception, all 
of our hypophysectomized patients had very major decreases in insulin require- 
ment. Cortisone replacement therapy resulted in little or no increase in insulin 
requirement. 

This may be a point in favor of Dr. Janes’ thought that removal of growth 
hormone, or something related thereto, may be the most important result of 
hypophysectomy in the diabetic patient. 


OcuLAR PATHOLOGICAL ASPECTS OF DIABETES 


Leopold: Dr. Bloodworth will present the pathological aspects of the diabetic 
retinopathy at this stage. 

Bloodworth: I want to start by reading into these proceedings my list of things 
which diabetes is reported to do to the eye and see if any have been missed. 

Early in diabetes, sudden refractive changes are characteristic. These changes 
are presumably due to changes in the lens, followed by diplopia, and other such 
conditions related to function of orbital muscles. 

The iris is known to develop a neovascularization on the anterior surface, 
the “rubeosis irides diabetica.”’ 


Hydropic Degeneration of Iris Epithelium 


Then there is a change in the pigment of the iris. In many diabetics you see 
what amounts, as far as I can tell, to a hydropic degeneration of the iris pig- 
ment epithelium, in which the cells swell up with large vacuoles. I know from 
my own work that it is certainly present in many conditions other than diabetes, 
and just as severe. I would appreciate a discussion of whether this lesion is 
considered to be a true diabetic change. 

Zimmerman: I think it is pathognomonic for the diabetic. The hydropic de- 
generation you see in other conditions is a basilar type, but where the epithelial 
cell of the iris gets enlarged two or three or four times normal size, and is full of 
vacuoles, and in some instances you can see PAS positive material, which is 
removable with diastase; this, I think, is pathognomonic of diabetes. But the 
basal vascularization, the vacuoles on that appear between the epithelium and 
dilator muscle. 
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This is not related to the diabetic. You can see it very, very plainly. 

Bloodworth: I have seen both diabetic and nondiabetic eyes in which I thought 
it was identical. 

The PAS stain I have never used. That is a further criterion which we will 
have to apply. Thank you. 


Lens Opacities 


To continue with diabetic changes in the eye we have the diabetic cataract 
and the accentuation in statistical occurrence of the senile cataract, which is 
presumably more frequent as well as more rapid in its development. In addition 
the diabetic occasionally develops optic neuritis and atrophy. Finally, the thing 
we want to talk about is retinal changes. 


Retina 


At this point I would like to ask whether or not the literature is correct in the 
emphasis that has been placed on the venous dilation, which is usually described 
as: irregular, usually present at the time retinopathy begins, and to frequently 
precede the development of microaneurysms and other components of the 
retinopathy. This concept differs a little from what Dr. Becker said. I wonder 
if he would comment on that. 

Becker: I expressed my view earlier. I think this is a late change. I realize 
that some of the literature describes it as an early change. In my experience it 
is seen early only when atherosclerosis is present. 

Bloodworth: This brings up another point. Some have postulated that venous 
dilation is a result of elevated venous pressure. Thus does not quite fit, in my 
opinion, because the dilation is described as irregular. It would seem more likely 
to be a focal relaxation rather than a diffuse venous pressure elevation. 

On the other hand, there are papers which infer venous pressure in the diabetic. 
We know microaneurysms can be caused by elevating venous pressure in an 
abnormal manner, such as occlusion of the retinal vein. 

Has the venous pressure ever been directly and specifically measured in an 
acceptable manner? 

Leopold: Dr. Maumenee, I think you have some data. 

Maumenee: No, we don’t. I think this is something that should be done, but 
as far as I know, it has not been done. 

Lazarow: Has anybody studied the electron microscopy of the vesse!s in 
the retina? 

Bloodworth: To my knowledge, no. I was hoping someone else could answer 
in the affirmative. 


RETINAL VESSEL 

Spargo: I don’t have any depth of experience in this area. We have studied 
retinal vessels from two therapeutic abortions which were from diabetic mothers, 
but the relationships here at 3 months are so much different than in the adult, 
we haven’t been able to make any conclusions as yet. 
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Zimmerman: It is probably safe to say, from published material, that nobody 
has studied the retinal circulation electron microscopically. 

Lazarow: There was an extensive symposium on this 2 weeks ago, but un- 
fortunately this coincided with a whole lot of other things, and I didn’t get to 
go. 
I think this would be a very fruitful area for someone to explore, because, 
judging from the kidney— 

Hartroft: Dr. Cohen* in Dr. Dempsey’s department at Washington has been 
studying the retina by electron microscopy. 

Becker: I was at that meeting in New York. Electron microscopy of the retina 
was described in great length, but nobody paid much attention to the vessels. 
We have some electron microscopic sections of the retina in the monkey eye, 
but nobody has looked at the diabetic animal, and the difficulty with patient 
material is in getting it fresh enough to know what is artifact. 

Lazarow: I was thinking in terms of the basic structure of the capillaries 
themselves in terms of the basement membrane, endothelial relationships, 
whether they bear a resemblance at all to what we see in the kidney glomerulus. 

Is the endothelium continuous or interrupted? What about the relative thick- 
ness of the basement membrane from the size of the vessel? 

This sort of thing would be very instructive to explore in the normal and 
diabetic both. 

Spargo: The manner of fixation and preservation is critical here—perhaps the 
situation is not so hopeless as we might think. Many electron microscopists 
have been unwilling to study any material that hasn’t been immediately fixed in 
osmium. 

We, however, have been studying a number of pituitaries that have been 
fixed in formalin; these are surgical pituitaries. We find, by plunging the gland 
into ice-cold formalin, much of the fine detail is preserved, and after staining 
these with a heavy metal, the details are comparable to osmium-fixed material. 

Now, I would think, from experience with kidney, pituitary and skin, that at 
least the vascular structures in the retina should remain intact during the interval 
required for their exposure to a suitable penetrating fixative, such as formalin. 


PROLIFERATIVE RETINOPATHY 


Lazarow: We have some information on the basement membrane in the 
kidney. A graduate student in the department, Dr. Rainier, wanted to get 
precise information on the thickness of the basement membrane in a kidney, the 
normal for comparison in the diabetic. 

It is quite easy to get biopsies in the diabetic, but much harder to get biopsies 
on the nondiabetic human. 

Then they also had some human specimens which they obtained surgically, 
immediately at the time of removal, and several hours thereafter. 


* A. I. Cohen: Some new observations with the electron microscope of the rods of the 
mouse retina. Anat. Rec., 136: 177, 1960. 
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Whereas, epithelial and endothelial changes varied quite markedly over a 
period of a few hours, as far as the thickness of the basement membrane is 
concerned, this remained relatively unaltered so that we now have a whole 
series going from the age of a few hours up to 80 years old, and accurate figures 
on the thickness of the basement membrane of man. 

So we have some basis for comparison in the diabetic. There would be some 
hope for even looking at more routinely removed material from that point of 
view. 

Leopold: Dr. Ricketts. 

Ricketts: May I just refer to venous engorgement? I hate to be a minority 
voice, but I am sure I have seen this either before or simultaneously with the 
onset of microaneurysms. I am perfectly sure this happens in younger diabetics 
with no hypertension. 

Knowles: I would like to agree with Dr. Ricketts. We have been photographing 
juvenile diabetics on a yearly basis. In contrast to controls of the same age, same 
sex, it would appear that the veins are larger and not only where they leave the 
disk, but also out in the periphery. 

Our feeling is that they begin to get larger somewhere around 7 or 8 years 
after the recognition of the diabetes. 

Leopold: Dr. Ditzel. 

Ditzel: I would like to comment on this, too. Kornerup, a Swedish ophthal- 
mologist interested in diabetic retinopathy, says the following: 

“Among 1402 non-selected diabetics, retinopathy proliferans was found in 
117 cases.” 

He compares the incidence of venous changes in the simple type of retinopathy, 
and in the proliferative retinopathy, he finds that venous changes occur in the 
diabetics without retinopathy in only 2 per cent. 

In the diabetics with the hemorrhagic type of retinopathy, venous changes 
occur in 10 per cent; in the exudative type, also in 10 per cent. Here is a remark- 
able thing in proliferative retinopathy—78 per cent. So the group who has pro- 
liferative retinopathy is characterized by venous retinal changes. This result is 
quite similar to a study we made at the Joslin Clinic, where we reviewed 847 cases 
of proliferative retinopathy. 

Leopold: May I ask the ophthalmologists in the group if they have ever seen 
proliferative retinopathy without the preceding diabetic retinopathy, with the 
microaneurysms? 

Newell: I think the answer is yes among diabetics. 

Leopold: So there is a type of patient who gets this type of disease, this type 
of fundus pathology, without the early changes of microaneurysms or retinal 
hemorrhages? 

Dolger: It is very important for us to decide which is which. Dr. Ricketts, I 
agree with as an internist, who sees the problem in a very different light. I am 
very impressed by the frequency and the regularity of it. 

Ophthalmologists, other ophthalmologists seem to be quite confident—three 
people, independently—seem to concur that there is a venous phenomenon that 
is being disregarded as if it were secondary or late rather than early. 
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Leopold: You are familiar with the work of Ballantyne, who felt that this is 
the earliest change in the diabetic? He thought that the venous changes were 
the first sign in diabetic retinopathy. 

Dolger: O’Brien felt that way, too. 

Newell: I think it is interesting that the two eyes are very commonly not 
parallel, and it is possible to see venous dilation in one eye and proliferative 
retinopathy in the fellow eye, and that we can make a greater contribution by 
describing both eyes instead of just one eye in this— 

Leopold: Is there any difference, as far as you know, in interocular pressure of 
the two eyes? 

Newell: I know of no explanation. 

Leopold: There is evidence, for example, that papillaedema will start in the 
eye with the lower interocular pressure earlier than in the eye with the normal, 
and also, Igersheimer, a number of years ago, has shown that in retinopathies 
of hypertension, not diabetic retinopathy, the hemorrhages or exudate will 
appear first in the eye with the lower interocular pressure. 

This may fit in, indirectly, with Ashton’s theory of retinal edema being 
partially to blame in the development. 

Ricketts: I would like to make it clear that I don’t think venous dilation, as an 
early manifestation, is the rule. I think Dr. Becker is right. The microaneurysms 
generally are first, but they need not be. These exceptions have to make us 
think a little. 

Leopold: As Dr. Levine pointed out before, it is the exceptions from which we 
may learn something. 

Ditzel: A study by Dr. Root, Mirsky, and myself, evaluating 847 cases of 
proliferative retinopathy, shows that proliferative retinopathy is found much 
more frequently in the group of young diabetics as compared with the old 
diabetics. Only 16.5 per cent of the cases with proliferative retinopathy were 
over 60 years of age while about 80 per cent were less. 

As you know, diabetes is much more common in the older age group. It shows 
that the retina in the younger people may respond differently than the older 
people. The same result has been found by Kornerup in Sweden, particularly 
the young diabetics who develop proliferative retinopathy. 

Leopold: Has this been your experience, Dr. Dolger? 

Dolger: Yes. 

Graef: Could I ask Dr. Ditzel a question? Can you break down the 40 to 59 
group, with respect to duration of diabetes, and which were in the post maturity 
onset group? 

Ditzel: I think that the duration of diabetes in the 20 to 39 group averaged 
17.7 years. In the 40 to 59, it was about 10 years. It took a shorter time in the 
older patients to develop their diabetic retinopathy of the proliferative type 
than it did in the younger. 

Knowles: The diagnosis was not made? 

Ditzel: This is up to the age at diagnosis of proliferative retinopathy. 
Ricketts: How long do they live after they develop proliferative retinopathy? 
Ditzel: Quite a scatter. There were some who lived 15 years. 
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Ricketts: Amazing. 

Ditzel: Most of them died from kidney failure. The next group was cardial 
infarction. 

Strisower: What was the fluctuation within the age group, taking, say, 40 
to 59? What was the fluctuation in the age group of incidence? 

Ditzel: Duration of diabetes? 

Strisower: Duration. 

Ditzel: The scatter becomes larger the older the patient gets. In the older 
age group, you might have some with proliferative retinopathy already at the 
recognition of their diabetes. 

Marble: Isn’t it true that it was the unusual person with onset of diabetes 
over the age of 50 that had proliferative retinopathy? 

Ditzel: Yes, very unusual. 

Marble: I believe the group included only those with onset of diabetes under 
the age of 45. 

Ditzel: Many of the cases with retinopathy at onset of diagnosis one could be 
quite sure, from the clinical records, that they actually had had diabetes for 
some years. 

I would like to mention a study being done in Copenhagen, in which the natural 
course of the diabetic retinopathy is being followed. In about 200 cases, re- 
peated retinal photographs are taken with a special lens giving a magnification of 
six times. We have been amazed to see the high degree of reversibility of the 
early retinal changes. 

One young diabetic came in the hospital in very poor control, and had had 
pneumonia; 2 months later, with careful control of his diabetes, there were only a 
few microaneurysms left. 

Kinsell: What was the time interval? 

Ditzel: Only 2 months. A year later, there were no microaneurysms at all, 
and no retinopathy. 

From pictures of the regular third grade retinopathy, you can evaluate changes 
in the retina with a larger magnification, and from these we have tried to study 
the venous dilation in patients without any gross retinal changes in order to see 
whether venous changes are an early change or not. In 25 young diabetics and 
25 normal persons, there seems to be a slight difference in the diameter of the 
veins. The veins are slightly more dilated in the diabetic group. 

Of course, it is very difficult to evaluate engorgement. But I am quite con- 
vinced this is an early change in some, particularly young, diabetics; let me 
emphasize the young diabetics, because it is not in the old ones. 

Leopold: When you photograph these, are they in relaxation as much as 
possible? 

Ditzel: They have all been dilated. 

Leopold: Not only dilated but atropinized, so the ciliary muscle is as much at 
rest as possible, because this will influence the refraction you get. 

What do they dilate with, atropine? 
Ditzel: Yes. 
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Leopold: There is some variation in the amount of measurement of the retinal 
essels, depending on the cycloplegia that vou obtain. That is, how much you 
elax the ciliary muscle at the time you take your photograph. 

Ricketts: Wouldn’t the diameter of the disk be a good control on that? 

Leopold: Yes, it would, if it was exactly the same size in each photograph. 

would give you a point of reference. 

Maumenee: One thing that bothered me a little bit is that it is put in as sub- 
antiation of Ashton’s theory of swelling of the retina, to produce venous 
mgestion. Still vou are talking about the larger vessels in the retina, which 
is nothing to do with retinal swelling. There would have to be congestion some- 
here in the optic nerve to produce this congestion in the vein. 

Ditzel: 1 don’t think so. We have found in the conjunctiva that there also 

uu have venous dilation. 

We have measured 50 diabeties and 50 nondiabetics two times a day, the 
rst time before insulin was given to them in the morning, and then at four 
‘clock in the afternoon, and made measurement from standardized enlarge- 
ent, and have found that in the diabetics there was a marked dilation of the 
nules. 

This was, in many cases, reversible over the day, so that the venules were much 
ider in the morning before insulin was given than in the afternoon. To us 
dicating something about the venules, that they respond with a loss of tone 
i the insulin deficient diabetic in the morning. 

So, actually, you can have a dilation of the veins without anything in terms 
of venous back-pressure from exudative processes. | think that is possible. 

Zimmerman: | was going to come back to Dr. Maumenee. You can’t dis- 
tinguish changes in the capillary vein, can you? 

Maumence: The pictures referred to show dilation of the larger veins in the 
retina. This is not then retinal pressure. In the sense 

Ricketts: Nobody said it was. 

Maumenee: Ashton says this is swelling of the retina, which produces the 
compression of the 

Zimmerman: No, capillary bed. If you had obliteration of the capillary bed, 
this might be reflected in the form of obstruction. 

Ditzel: Why should they dilate? 

Maumenee: 1 don’t see why a larger vessel should be dilated. 

Leopold: There has to be some place in the central retinal vein. 

Vewell: Don’t we agree that there is no muscular coat in the vein to affect 
constriction or dilation ? 

Ditzel: There is a muscular coat in these veins of the retina of that size. 

Leopold: Dr. Bloodworth, would you proceed? 


MICROANEURYSM 


Bloodworth: There is general agreement that the basic lesion of diabetic 
retinopathy is a microaneurysm varying from 20 to 100 microns. I stress the 


higher figure, because | have seen many aneurysms which extend completely 
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across the retina from one surface to the other. According to the literatur 
microaneurysms are usually located on the venous side of the capillary be: 
they are often located on the capillaries which connect the inner and out: 
capillary networks of the retina. Often the microaneurysms occur in the ang 
between two branching capillaries, not unlike the berry aneurysms of the cerehi 
arteries. Most reports state that the microaneurysms are usually located in t! 
inner nuclear layer.* However, as previously noted, the microaneurysms oft 
expand to such a degree that I have difficulty in localizing them to any giv 
layer. They are more frequent in the female and are correlated with the durati: 
of the diabetes rather than the age of the patient or the severity of the diabet: 

To the microaneurysms, we must add hemorrhages and exudates. The typic::! 
hemorrhage is small, round and discrete; located in the ‘deeper layers’’ of t! 
retina.t These hemorrhages frequently show no direct relationship of the micr 
aneurysms. In addition, one often sees small hemorrhages around micro- 
aneurysms. These lesions often suggest diapedesis rather than frank hemorrhag: 

The characteristic exudate is a yellow or white glistening patch located in 
the deeper layers of the retina. These exudates are often found in patches; 
strongly PAS-positive and, although located in the same general area as the 
microaneurysms, frequently are distinct from the aneurysms. Finally there are 
small, PAS-positive exudates immediately around many of the microaneurysms. 
These exudates appear to result from exudation from the microaneurysm. In the 
late stages of diabetic retinopathy, one also sees vascular proliferation, especially 
in areas of hemorrhage, the retinitis proliferans. 

I think this, in essence, is what we are here to discuss. 

Now there is, however, a great deal of difference of opinion as to how these 
lesions develop. I would now like to discuss various theories of the pathogenesis of 
diabetic retinopathy. 

Becker: Before you leave the problem of the venous side of the circulation, | 
want to point out that there are more capillaries on the venous side, and the 
capillary aneurysms are to be on the venous side. There is a periarterial zone with 
no capillaries. Capillaries develop on the venous side, and there are more capil- 
laries there, so there are more capillary aneurysms there, but it isn’t uncommon 


to find capillary aneurysms on the arterial side, as close as one can get to the 


artery. 


Lazarow: Could we back up one step further, and have you folks draw the 
relationship of the capillaries to the arteries and veins? I have always had thie 


concept that the capillaries were between arteries and veins. I am a little co 
fused on the arterial side and the venal side. 
Bloodworth: lam glad Dr. Becker reemphasized the problem of localization 
When I spoke of the predominance of microaneurysms on the venous side 
the capillary circulation, | meant that portion of the maze-like capillary netwo 
closest to structures identifiable by presence of muscular elements as venul 
*N. Ashton: Diabetic Micro-Angiopathy. Advances Ophth., Vol. VIIL 8S. Karg 


Basel, 1958 
+ I. S. Tassman: Ocular changes in diabetes mellitus. Surv. Ophth., 7: 299, 1956. 
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Now, I have also seen many microaneurysms close to the arteriole, as Dr. 
Becker pointed out. So, perhaps too much emphasis has been put on that point. 

Zimmerman: This is perhaps gross exaggeration, but the capillaries tend to be 
most numerous and most ramified on the direction away from the arteries. 
So that in a flat preparation, the capillary bed is most abundant from the veins 
iway from the artery. There is a periarterial zone that is relatively free of capil- 
aries. 

Lazarow: Would you still draw the connection between the arteries and 
‘apillaries and the vein, because it has to go from one, from the artery 

Zimmerman: Yes, there are communications. This is a relative thing. It is 
iot absolutely free. But you have a very abundant capillary plexus that com- 
nunicates with the 

Bloodworth: Might I simplify the situation by pointing out that there are 
nany more capillaries joining the maze-like capillary network to the venules 
han to the arterioles. 

Leopold: Dr. Bloodworth, I think maybe Dr. Hausler has some of his stains, 
vhich might show that. Do you, Dr. Hausler? 


Silver stains 


Hausler: Yes, 1 do. Sometimes these capillary aneurysms are on the arterial 
side of the capillary loop but they are close to the venules as a rule. 

An injection technique we have developed is essentially a photographie tech- 
iique which uses silver salts exposed to light to bring out the retinal blood 

essels. The advantage of this technique seems to be that you can get an over-all 
impression and, at the same time, by using a larger magnification, details of 
individual cells can be seen. 

A normal human retina close to the optic disk is shown in Figure 1. 

Figure 2 shows vou a different region. This is about mid-periphery. You can 
see the capillary-free zone along the arterioles. I think if you follow those 
vessels out, you can actually see that those capillaries connect an arteriole with 
a venule. It is a very irregular arrangement. This specimen was injected with 
silver salt solution. 

Lazarow: Arterial or venous? 

Hausler: Both arterial and venous sides successively. Figure 3 shows salt- 
absorbing material injected centrally through the artery. This is the macula 
region. 

Bloodworth: How do the microaneurysms destroy the vision which is described 
in the literature? 

Hausler: Vision is rarely interfered with by microaneurysms, unless they occur 
on the rim of the macula. 

This region including the macula is extremely vascular. If you use a larger 
magnification on the same preparation, you can see structural details of individual 
vessel. From a photograph of an arteriole, a striation can be seen which we 
believe is due to staining of the perimysium of smooth muscle fiber. 

Figure 4 shows a venule, formed by the merging of capillaries. The venule does 
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contain smooth muscle fiber; there is no doubt about it. It doesn’t contain 
many as the arteriole, but there are smooth muscle cells. But capillaries ha 
no smooth muscle fiber. 

Figure 5 shows a number of diabetic aneurysms. 

Leopold: Is this in the human eye? 

Hausler: Human eye, yes. 
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Figure 6 shows one of the aneurysms under larger magnification. We found 
that if the aneurysm forms a cupola, then epithelial and endothelial detail gets 
destroyed in the dilated portion, whereas in the undilated region, the endothelial 
cell boundaries are shown. 
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capillaries. 
Bloodworth: May 1 comment on this? Why isn’t this lumen in this wall? 


We have photographed one aneurysm which almost surely originated th: 
way Ashton postulated for a while—he said that some originate from kinks © 
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Hausler: 1t would not be present in the initial stage, when the two connecting 
capillary walls have not been obliterated. 

Bloodworth: This is a well known theoretical approach, but is it correct? 

Hausler: Ashton believes so. Ashton postulated that some of the aneurysms, 
not all of them, originate ina loop of a capillary, and that the adjacent portions 
of the capillary wall finally adhere to each other and become absorbed. 

Leopold: Do you have anything to say about that, Dr. Hartroft? Dr. Pope 
had some theories about that. 

Hartroft: We have not seen anything to support directly what Ashton described. 
The mechanism he described may apply in some instances, but I don’t think 
one can say at present that the pathogenesis of all aneurysms would necessarily 
be identical. 

Bloodworth: Dr. Ashton’s photographs show that he injected India ink and 
then stained the flat preparation with the PAS stain thereby staining the wall 
of the capillary red. 

His postulate was that there was in essence an attempt at neovascularization 
of one portion of the wall of the capillary. 

As this portion of the capillary wall increased in length, and the adjacent 
capillary wall was more or less static, it simply bulged up and made a U-shaped 
structure. 

Then Dr. Ashton postulated that this U-shaped structure was abnormal in 
its physiology, and that for some reason the wall became more porous and the 
plasma proteins—he was not too specifie—ultimately seeped into the area around 
the capillary and then became more or less dehydrated and then resembled 
hyaline, a term which covers glycoproteins among many other proteins. 

He then postulated that for some reason the capillary walls in the middle of 
the *U” would disappear and ultimately you would end up with a round structure 
surrounded by a thick hyaline wall, a microaneurysm. 

One of Dr. Ashton’s photographs shows a microaneurysm with a tremendously 
thick wall due to the exuding protein which has now become deposited as a 
solid hyaline mass, and a lumen which has now become mutual between the 
two loops of the “U”’’ because as Dr. Ashton believes the central portion has 
for some reason completely disappeared. I personally think this is quite unlikely. 

Hausler: In a photograph that I have of three aneurysms, the portion of the 
capillary wall which is dilated does not show any defects at all. The endothelial 
cell boundary line cannot be seen. 

Shown in another of our photographs, a dehydrated capillary almost forms a 
little sausage. This type of aneurysm, of course, is dilated all the way around and, 
as he just said, some of those aneurysms seem to originate in the way Ashton 
originally thought they did, but certainly I would say that the majority must 
originate some other way. 

Hartroft: Are these aneurysms fusiform, instead of lateral outpouchings? 

Bloodworth: Do you see the fusiform type very frequently? 

Hartroft: | would say that in our material lateral outpouchings were the most 
frequently encountered form. 
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Hausler: One of our photographs seems interesting because around thi 
aneurysm, which is very close to a junction, there is an area which hardly show: 
up, but the boundary line is visible so that the surrounding retinal tissue seem 
to be affected. 

There is an outline affecting the surrounding retinal tissue, and here we foun 
some crystals in the second part of the capillary wall. What those crystals ar 
we have not been able to find out. They are not cholesterol crystals. The papill 
of one of those aneurysms can be seen. It has an irregular pattern. But certainly 
the endothelial cells are disrupted. 

Hartroft: At what approximate magnification did you take the photographs 

Hausler: This one was about 400. 

Leopold: What is that stained with? 

Hausler: The same silver stain which we use for injecting our flat preparatio1 

Hartroft: What type of silver stain did you employ, please? 

Hausler: It is an organic silver preparation, “viacutan.” I can give you thi 
formula, if you are interested in it (dinaphthyl methane disulfonate). After 
injection, the preparation is exposed to ultraviolet light, which seems to pre 
cipitate some of the silver, which is in the vessel walls. 

Leopold: Dr. Wirschner. 

Kirschner: We have utilized Dr. Hausler’s technique. 

Leopold: To prove that this method works in other people’s hands. 

Kirschner: Alloxan diabetic rats were used as the experimental animal, and 
I prefer the original silver nitrate procedure, not the salt method. We hav 
prepared beautiful specimens of rat retina without recourse to pumps— jus 
from the pressure head delivered by a 50-cc. syringe. 

Alloxan diabetic rats were force-fed a high-fat diet for 3 months, and we wer 
unable to find retinopathy. 


I would like to state here, that recent work by Pope of Dr. Hartroft’s group 


has stressed the role of reticulum. We now have a method available that simul 
taneously stains vessel wall and its reticular lining. Maybe Dr. Hartroft wil 
comment on this reticulum substance. It is interesting to me that in thes 
aneurysms we don’t see reticulum which normally covers the capillary in sleev: 
like fashion. 

In our study we found early defects in the reticulum. 

Lazarow: Did you do a PAS on one ot these? 

Kirschner: No PAS stain has been done as yet. 

Lazarow: Would that be positive? 

Hausler: Yes, it would. 

Lazarow: What is the reticulum? 

Hausler: Dr. Hartroft sitting beside you is more expert in this respect. 


Recticulum 


Bloodworth: Why isn’t the whole thing reticulum? By definition reticulu 
stains with silver. 
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Lazarow: What’s the difference? 

Bloodworth: That I don’t know. It will leave that unanswered. Are you willing 
to say it is identical? 

Hartroft: I only know of one difference between collagen and reticulum. There 
is an exhaustive discussion of this point in the Transcript of the 1951 Macy 
Connective Tissue Conference. 

Leopold: Let’s have a short discussion. 

Hartroft: Reticulum does stain by various silver techniques but collagen takes 
on only a yellow-brown by these methods. 

Lazarow: Also stains with PAS. 

Hartroft: Silver ‘‘stains” are not of course stains in the usual sense, but rather 
produce precipitation of silver grains on sharp edges within the section. Re- 
ticulum, of course, presents such a physical form but the broad bands of collagen 
fail to do so and only become palely colored. 

Lazarow: Reticulum contains glucose, maltose, galactose, fructose, and low 
collagen. It may contain a little bit of this. There is a marked difference in the 
quantitative component. 

I have also always envisioned reticulum as collagen, as far as amino acid 
sequences are concerned, plus something else which we don’t know too much 
about, that is responsible for PAS and silver staining, and what else we have. 

I think this is a reasonable working hypothesis. 

Lazarow: In electron microscopy you won’t see collagen spacing. You have 
cross-spacing, the 640 Angstrom spacing. 

Zimmerman: You can do chemical determination of basement membrane? 

Lazarow: Yes, I have some preparations of basement membrane I will discuss 
later, and some total amino nitrogen and hydroxyproline content on normal and 
on the diabetic. 

Zimmerman: On basement membrane? 

Lazarow: Let’s say we have a preparation of kidney glomeruli which are 
separated by differential centrifugation. You can look at it and say that this is 
the diabetic and this is the normal. 

We treat this with dilute alkali, which removes most of the cells, and we have 
a mass which is acellular, but which is still positive by PAS if you hydrolyze this 
on a resin to three carbohydrates and amino acid that are attached to the 
resin. Then you do the sugar separately and elute the amino acids and measure 
the hydroxyproline versus the total amino acid hydrogen content, the normal 
and the diabetic. 

We have this for kidney glomeruli. 

Spargo: You are not inferring in this situation that the glomerular basement 
membrane resembles that in the retina, as far as reticulum content is concerned, 
are you? 

Lazarow: I am not inferring anything about the relation of the retina, be- 
cause I don’t know anything about the retinal basement membrane, but all 
I will say is that this material which we separate from the kidney has got 10 or 
11 hydroxyproline content, which is the same composition that you get for 
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reticulum and collagen in general and, strangely enough, in the diabetic the 
hydroxyproline content is about 20 per cent higher than it is in the nondiabetic. 

Spargo: I think this is a fairly critical point. This is one that perhaps I should 
have expanded a little bit on earlier. 


Basement membrane 


The basement membrane of the kidney glomeruli, to the best of my knowledge, 
doesn’t stain for reticulum. It is unique in the sense of having no fibrillar con- 
tent. I know of no other situation in the capillaries where this situation occurs. 

Lazarow: If you will recall the hyaline cartilage, this is loaded with collagen. 
Yet if you look at it by any of your ordinary stain preparations, you don’t see 
the internal structure in it at all until you remove your chondroitin sulfates. 
When you digest this out you begin to see your hyaline structure. 

So here is another exception where you have a collagen material which is 
infiltrated with a mucopolysaccaride, which pretty completely obscures it, 
because it has the same index of refraction as collagen does. 

I think the same thing probably applies for the basement membrane as well. 

Spargo: We might conjecture along this line for some time. I could just add 
that in the fetus, in the developing glomeruli, there is a fibrillar structure, so 
that we can infer that there has been a later change towards this hyaline ap- 
pearance. In the adult it might be unmasked by some secondary procedure, 
but at least it doesn’t fall within this same class of reticulum, as we are dis- 
cussing in the capillaries. 

Lazarow: I would argue if you say that it doesn’t fall in the same class. I 
would say that from the chemical data, it is quite the contrary. I think your 
embryonic data would just reinforce this idea that you have collagen, or reticulum 
life material laid down first. This is exactly the same thing that happens in 
hyaline cartilage. 

It then becomes infiltrated with something else which is added onto, which 
obscures your fibrillar nature and makes it homogeneous. So, in our opinion, 
your end product is the result of two things. 

As a matter of fact, I think if you study the basement membrane, you ought 
to be able by selective enzymes, to pull some of these things out separately, and 
get one component. 

Zimmerman: Isn’t it a problem of talking in different dimensions? 

I think, unless I misunderstand you completely, when you say that you have 
analyzed something chemically, you are not speaking at the same resolution that 
the electron microscopist is when he talks about basement membrane that 
doesn’t look fibrillar; nothing has the banding of collagen. 

In other words, from a narrow band that he calls basement membrane, can 
you extract this specific material and say this has the chemical composition of 
collagen? 

Lazarow: What I am saying is that separating the glomeruli, which are pretty 
good, as far as visual appearances go, they contain basement membrane, as 
you see it, plus endothelial cells and epithelial cells associated with it. 
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Now, if you treat this with dilute alkali, most of the cells will become soluble, 
and will disintegrate. If you centrifuge what is left, you have material which we 
think is derived from this basement membrane of the glomerulus, as we under- 
stand Bowman’s capsule. This is the material we are starting with for the 
chemical analysis. The results are very similar, as far as hydroxyproline content. 
As far as mannose, glucose, fructose, and so on, by paper electrophoresis we find 
the same thing present in this material as we found in reticulum. 

The only difference is that in the diabetic we find 20 times as much per glomer- 
ulus as we do in the normal, the ratio of carbohydrate to protein being essen- 
tially the same. 

The relation of hydroxyproline to pure aminohydrogen is higher. 

Levine: Are you saying that this material which is perhaps in the shape of 
small molecules is not arranged in the same manner as it is in the adult collagen, 
but is essentially chemically the same. 

Lazarow: Collagen is laid down first. Then this is infiltrated with something 
else. 

Levine: It doesn’t have the banding structure. 

Lazarow: Right. Neither at the electron microscope level nor at the light 
microscope level. 

Spargo: I hesitate to create a further diversion here, since I would like later 
to expand on my concept of the morphological changes of the diabetic glomeruli. 
Perhaps we could converse more accurately then, and go on now with the dis- 
cussion that was underway. 

Lazarow: I agree to that. 

Leopold: Would you go on? 

Kirschner: We think Dr. Hausler’s technique is simple and may be unique in 
its ability to delineate the reticular detail of the vessel wall. Incidentally, getting 
back to Ashton’s theory, proposing an osmoregulatory defect. When just the 
distilled water is injected at the same perfusion pressure, retinal swelling occurs. 
You could see it grossly in these instances. When we switched to 5 per cent 
dextrose, which is isotonic, excellent preparations were readily obtained. 

To inject distilled water, Dr. Hausler used a pump, so he was able to reach a 
higher perfusion pressure. We tried just a 50-cc. syringe, injecting simultaneously 
both carotid arteries in a rat, and found something like this. The capillary bed 
does not fill. Maintaining all conditions the same, and using an isotonic solution 
of 5 per cent dextrose which doesn’t precipitate silver nitrate as saline does, we 
made successful flat retinas, and both the superficial and the deep capillary 
networks could be seen. I was wondering if the crystals in Dr. Hausler’s pictures 
may really be precipitated silver chloride. To repeat, the only thing that was 
found after 3 months with these alloxanized animals on a high-fat diet was 
localized reticular thinning. 

Hartroft: How much fat did you have in your diet, please? 

Kirschner: It was a lard base, with a vitamin supplement. I can give you the 
exact amounts later. 

The only thing we found were these little areas of fusiform dilation and 
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structures that I interpret as reticular fibers, which the silver nitrate method 
brings out very well. 

Pope has a recent article in Diabetes, in which he demonstrates his preparations 
of human retinas showing reticular defect as the earliest stage in formation of 
the diabetic aneurysm. 

Since we are working with animals it is possible that we are never going to 
see typical microaneurysms. There might be some other change earlier, and 
maybe this is analogous to the breaks in the reticular sleeve. This is what the 
pilot study shows. 

Dr. Hausler’s technique has the advantage of being reproducible. 

Leopold: Dr. Bloodworth, will you continue, please? 

Bloodworth: I think I should stress that the theory of Dr. Ashton, which as 
shown by both of these techniques, was his original theory in the early fifties, 
and is different from what he has expounded more recently. I personally don’t 
agree with his earlier theory. We have done our studies on the old-fashioned 
flat preparations in which the whole retina was removed, usually fresh, fixed in 
alchohol, and stained by the routine PAS method, usually without a counter- 
stain. 

I find the microaneurysms essentially as they have been previously described. 
A great deal of variation exists. In some of the earlier work, it was pointed out 
that microaneurysms very often originate at a bifurcation of capillaries. We 
find them there fairly frequently although I doubt that this is by any means the 
most common location. Usually they are saccular or fusiform dilations. 

Ditzel: These are venules? 

Bloodworth: These microaneurysms are on capillaries. 

The important thing is that, in my experience, the majority of the micro- 
aneurysms are very thin walled. Only in severe or advanced cases do you find 
any thickening of the wall. In other words, the thickening of the aneurysmal 
wall is, I believe, very definitely a secondary phenomenon. 

We are dealing with some change which allows the capillary wall to relax or 
expand without anything else being added. I think that is a very important 
point. 

There has been a great deal of reported work stressing the deposition of 
materials of a hyaline nature in, and around, the aneurysmal wall. 

We have photographed a saccular microaneurysm in which there is some 
PAS-positive material accumulating in the lumen near the periphery. Sometimes 
multiple fusiform dilations in a row on the same vessel are seen. 

Included in our study are (1) a microaneurysm which is definitely thicker 
walled than the capillaries from which it arises, due to deposition of a PAS- 
positive material, and (2) a microaneurysm that I think is similar to the lesions 
Dr. Ashton used to evolve his earlier theory. The latter is like a volvulus of the 
intestine. 

Another thing which we have found is a diffuse dilation of all the capillaries 
in a given area. I have referred to this as a varicose type of dilation. 

I think at this point it is probably wise to emphasize the diabetic retinopathy 
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is not uniform. The microaneurysms and exudates occur in patches. Only one 
very general statement can be made concerning location. That is, that the 
patches tend to be located near the nerve head. Although I have seen them quite 
near the periphery, the patches are not related to any of the major arteries or 
veins. In fact a patch of microaneurysms and exudates may be found on and 
around the capillaries draining into a venule while other capillaries draining 
into the same venule a slight distance away are not involved. This distribution 
throws considerable doubt on the theory of elevated venous pressure as an 
etiological factor. 

Additional examples of microaneurysms were photographed as they appear in 
routine paraffin sections. Most of the photographs were taken of cross sections; 
often the red cells can be seen in the lumen. The thickness of the wall of the 
microaneurysm is clearly demonstrated. 

Lazarow: Is that thicker than the normal capillary wall? 

Bloodworth: Within the limits of light microscopy, the wall of the micro- 
aneurysm is about the same thickness as the capillary. 

Lazarow: You practically have to have an electron microscope. 

Bloodworth: In the histological section, the microaneurysm can easily be mis- 
taken for a large capillary or venule. However, we routinely make serial sections 
to properly identify the microaneurysm. 

As you recall, Dr. Ashton said something about neovascularization in his 
earlier work on the pathogenesis of microaneurysms. He mentioned the fact that 
initially there was often a proliferation of endothelium, and that perhaps this 
proliferation led to a bulging out of one side of the capillary. 

I have found things which appear to be proliferating endothelial cells within 
the capillary. This is exceptional. 

Could this bear on our problem? 

Now, what is the natural history of these retinal microaneurysms of diabetes 
mellitus? I am quite certain that many of them act just like aneurysms anywhere 
else in the body. 

We should remember that fibrin deposition is the common mechanism of 
“filling up” an aneurysm elsewhere. That is exactly what appears to happen to 
these capillary aneurysms. 

Initially there is a bulging at the side of the capillary, or sometimes the entire 
wall, following which the peripheral side of the microaneurysm begins to fill up 
with a PAS-positive material, probably fibrin; and perhaps that is all we should 
say. I see no reason to postulate something unusual. 

Lazarow: Do you have any other evidence that this is fibrin rather than more 
of the same thing. Why do you think it is fibrin? 


PAS stain 


Bloodworth: At this stage it is indefinite as to what it is. 

I would agree at this stage it could be many things. Nonetheless one can clearly 
differentiate between the uniform dark red basement membrane and the “ma- 
terial” “filling up” the lumen of the microaneurysm. This “material’’ is not 
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uniform and the PAS-positive is less intensely stained than the basement 
membrane. These characteristics plus other staining reactions indicate that this 
material should be fibrin, with the other materials which are sometimes trapped 
in fibrin thrombi, such as platelets and occasionally other proteins. 

One other point I think should be made: Here we have a microaneurysm in 
the center which has a capillary leading off from each end. Surrounding it are 
three different things: 

First: The brownish discoloration is hemosiderin pigment, the residua of 
hemorrhage. This is quite common. Adjacent to the microaneurysm you can 
often see large mononuclear phagocytes containing hemosiderin pigment. This 
diffusion of small numbers of red blood cells seems to be common around micro- 
aneurysms. 

Second: There is a halo-like deposition of a PAS-positive exudate, which is 
somewhat laminated around the microaneurysm. 

Third: There is large strongly PAS-positive exudates, which I believe are the 
ones you see—with your ophthalmoscope—which are distinctly separate from 
the microaneurysm. 

Zimmerman: Isn’t this degree of PAS-positive greater than what you find 
normally in fibrin. 

Bloodworth: 1 don’t think so although all fibrin does not stain this intensely. 

Van Eck: What do you mean? What does this PAS actually show? 

Bloodworth: As you know, the PAS reaction is supposed to stain the 1 ,2-glycol 
linkage, and therefore will identify many structures which contain carbohydrates, 
but it also will stain lipids under certain conditions and some proteins. 

Van Eck: What is its significance in this relation? 

Bloodworth: In general, after alcohol extraction as performed in paraffin 
sections, a PAS-positive response indicates a reasonably high concentration of 
carbohydrate, either in the form of glycoprotein or the mucopolysaccaride. I 
might add that in order to identify the mucopolysaccaride, it is usually necessary 
for it to be in association with protein. 

Therefore, the term, glycoprotein, is probably more correct. 

Graef: In a preparation like this, have you tested the staining properties of 
this material with phosphotungstic acid-hemotoxylin stain? 

Bloodworth: The phosphotungstic acid-hemotoxylin stain colors the ‘‘material” 
within the aneurysms a mottled blue and brown, the same reaction given by 
fibrin. The exudates, however, stain a nonspecific brown. 

Hartroft: Have you done any Gram stains? 

Bloodworth: On this, no. 

Lazarow: What you should do is make some antibodies to fibrin, and to 
reticulum, and label them fluorescent dye, and do fluorescent study of this. I 
bet you will find both fibrin and reticulum throughout this entire mass. 

Bloodworth: Sometime earlier we were discussing the reversibility of diabetic 
retinopathy. I am quite certain that all of you will agree that the thin-walled 
microaneurysms which we have seen might well be reversible. 

On the other hand, here we have a histological section of a microaneurysm 
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similar in type to that which you saw a moment ago in the flat preparation. 
There is a thick hyaline deposition around the microaneurysm. It is the material 
we saw a moment ago in flat preparation. 

I think you will agree it is very unlikely that such a microaneurysm could 
revert to normal. The hyaline coat is perhaps a protective mechanism intended 
to strengthen the wall and prevent rupture of the microaneurysm. 

Now, I next come to the crux of the dilemma. What change takes place to 
allow the capillary to expand into a microaneurysm? 


Theory of formation 


I believe there is no elevation in the venous pressure; but that something is 
acting locally in certain parts of the retina on certain specific capillaries, and 
only on small parts of each individual capillary which, for some reason, allows 
that capillary to expand. 

Sometimes the change affects only one side of the capillary, producing a 
saccular aneurysm, while at other times the change affects the entire circum- 
ference of the capillary, producing a fusiform aneurysm. 

We have frequently seen very well circumscribed masses of red blood cells 
around a capillary. Sometimes the capillary basement membrane appears to 
pass through the mass of red cells leaving many outside of the vessel. Nonetheless 
the red cells appear to be held in check by the surrounding retinal stroma just 
as if there were a vessel wall around them. In other cases, the capillary basement 
membrane appears split in the region of the microaneurysm in a manner similar 
to the dissecting aneurysm of the aorta. 

I think these changes indicate that the retinal stroma has the ability to 
“contain” small hemorrhages almost as well as the capillary wall. It would seem 
likely that the retinal stroma normally exerts some supporting force on the 
capillaries. If this be true, then perhaps a change in the retinal stroma might 
weaken the wall of the capillary and allow it to expand into a microaneurysm. 
This theory which postulates lack of capillary support by the retinal stroma is 
essentially the reverse of Dr. Ashton’s latest theory. He has recently emphasized 
the vascular changes which accompany osmotic changes in the retina stroma. 
He postulated that elevation of the pressure in the retinal stroma might partially 
collapse the capillaries and lead to microaneurysm formation proximal to the 
collapse.* I strongly recommend the complete reading of Ashton’s work. 

If you will think of the capillary change in the diabetic as a local expansion of 
the wall and remember that the characteristic aneurysm does not always occur, 
then apparently similar changes can be found in capillaries of other parts of the 
body. 

For instance, in the brain of diabetics we found occasional sausage-like relax- 
ation of the capillaries. 

We have also found some lesions in the choroid; we are still uncertain as to 
the exact nature of these. I simply want to emphasize again the fact that I 


*N. Ashton: Diabetic retinopathy, a new approach. The Lancet, October 24, p. 625, 1959. 
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think we have plenty of evidence here to point out that the basic, initial, phe- 
nomenon in the formation of a diabetic microaneurysm is a relaxation of the 
capillary wall without the addition of anything whatsoever. 

Thank you. 

Leopold: Dr. Spargo. 

Spargo: I am very sympathetic to this frame of reference and, as a matter of 
fact, I would like probably, unnecessarily, to point out to this group that with 
an increase in diameter of the tubular structure there would be tortuosity and 
pressure changes of a type that would certainly contribute hemodynamically to 
focal outpouchings, and fit very nicely with this interpretation. 

I would like later, in the course of the diabetic changes of glomerulus corosis, 
to deal in pretty much the same frame of reference. 

Graef: Dr. Becker, have you studied the evolution of microaneurysms following 
central venous occlusion? What happens to them as time goes on? 

Becker: They become hyalinized. They get thick walls, and end up in much 
the same state as the diabetic. Some of them recanalize; some revascularize. 
One gets neovascularization. As far as I can tell, after the initial aneurysm 
formation, there is no difference in the course in the diabetic and the nondiabetic 
with occlusion of a retinal vein. 

Graef: How long does that process take? 

Becker: It is a matter of months—5 or 6 months. 

Van Eck: Can you see hyalinized aneurysms by simply looking at the fundi? 

Becker: Yes. The wall gets whiter, therefore, the blood as seen gets paler. 
Eventually you get to the point where you see no blood, just a white spot. 

Leopold: 1 would like to interrupt at this point and point out that one of the 
difficulties in this problem that we have with diabetic retinopathy is the problem 
of producing the lesion experimentally. 

Once again I am going to call on a work-horse of this symposium, namely, 
Dr. Lazarow, to see if he will start off a discussion of the possibilities of pro- 
ducing an experimental lesion so that this can be studied in that phase. 


EXPERIMENTAL PRODUCTION OF RETINOPATHY 


Lazarow: Of course, one of the problems of producing the complications of 
diabetes in animals is making sure what you have produced corresponds to the 
condition that we see in man. I think right off one can say there has been pro- 
duction of lots of lesions in diabetic animals. The only question arises in many 
people’s minds is whether these are the same or different from the lesions we 
observe in man. 


Various Species 


It isof interest that one of the very early reports is one that Lukens had made 
back in 1946, where he reported that a lesion similar to intracapillary glomeruli 
sclerosis was seen in a dog with pituitary diabetes which survived for 5 years. 
This was one animal. 

Allen had reported studies in a number of diabetic dogs following pan- 
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createctomy, and found no lesions in these animals that survived for a number 
of years. Dr. Ricketts is here and he may want to tell us about some of the 
studies that he has carried out in his dogs of long duration. 

Dr. Hartroft and Dr. Renshaw have studied some glomeruli lesions in animals 
that have gone for a long time, and again I think he will probably have something 
to say about that. 

So that actually there are quite a number of studies that have occurred in the 
dog. 

In the rat, just by way of historical note, one might mention that there is an 
early report, back in 1930, by Friesberg and someone else, relating to alloxan and 
its effect long before alloxan was known as a capillary poison. 

Then there have been some early studies in terms of the acute effects of alloxan 
on blood vessels. 

There has been extensive study by the group in South America—Foglia, 
Mancini and Cardeza—using the depancreatized and partially depancreatized 
rat, and studying a lesion appearing in the kidney. 

Again the whole question comes up: Is this analogous or similar to the situation 
in man? 

I think one thing that should be emphasized is the fact that the manifestation 
of these lesions in animals may not necessarily produce the same pathological 
picture that one has in man. 

Just offhand, we are struck by the fact that whereas the normal basement 
membrane in a rat isin the order of 1000 Angstroms in the kidney, I should say 
the basement membrane in man is around 3000 Angstroms. 

One of the things we are finding in the human diabetic kidney is a marked 
thickening of the basement membrane in diabetes, and other changes we will 
talk about tomorrow. 

I should emphasize if the basement membrane of 1000 Angstroms in the rat 
would double or triple or quadruple, this would be beyond the limits of visibility 
in terms of the ordinary light microscope so that one must keep this interre- 
lationship in mind. 

There are several other studies in rats on the attempted production of glomeru- 
lar lesions. 

There is an interesting paper by Guthof of Hungary, attempting to produce 
lesions in animals. He claims doing this by markedly varying the blood sugar in 
both normal and diabetic animals; and he did this by injecting insulin and 
glucose alternately, thus attempting to fluctuate the blood sugar level markedly. 

When we go to the rat, there was an early report by Snyder of one case in one 
rabbit, which received alloxan, in which they thought they observed a hemor- 
rhage, but this has never really been substantiated, I do not believe. 

Then, when we come to the production of the lesions in the rabbit, using 
cortisone which Dr. Friedenwald and Dr. Becker have studied intensively, here 
again the lesions are clearly produced in the kidney; Dr. Bloodworth has carried 
on some substantiative studies there. 

This is complicated by the fact that one may also need, in addition, possible 
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interplay of a vitamin deficiency, vitamin By, and this is still not clearly worked 
out. 

In the case of the retina, on the other hand, the lesions there are much less 
clear, and definitive, than is the case in the kidney. 

Dr. Hartroft and Dr. Janes have both been interested in certain aspects of 
these. I suspect they will be talking about this later on. 

I might also mention an interesting paper by Sudak, who used the cheek 
pouch of the hamster. 

The hamster is a unique animal in that this cheek pouch can be everted, and 
one can transilluminate this and study it in the living animal. 

In the hamster, unfortunately, there is more of a problem of maintaining 
established diabetes, and he has reported some changes in the vessels of the 
hamster cheek pouch. This needs extension with more studies. 

I think you can see there have been a number of studies in a number of animals, 
but the $64 question in all of these cases is, just how closely related are these to 
the pathological lesion we observe in man? 

I think until we know what the basic pathological mechanism of the pro- 
duction of lesion in man is, it may be hard to say definitively: This is or is not 
similar. 

I would emphasize again the importance of keeping in mind a basic phenome- 
non: Let us assume the disease were primarily in the basement membrane—you 
can see that somehow I lean toward basement membrane as being not unim- 
portant in this problem in the production of diabetes—that the manifestation 
from one tissue to another might be different. 

For example, the same thing occurring in a dense organ like the kidney, where 
there is lots of support, might produce thickening of the basement membrane, 
fundamental alteration there; whereas the same thing occurring in the retina, 
where things are loose, might result in a dilation of the vessel itself, and from 
one species to another they would react in terms of the combination of synthetic 
pathways of how much collagen is laid down, how much of the other mucopoly- 
saccharide, and ground substance, is laid down and associated with it. 

One might not expect the same kind of reaction from animal to animal, so I 
think I have quite an open mind about the relationship to the complications 
produced in animals to what we have in man. 

I think I will stop at this point. 

Leopold: Dr. Gibbs, would you like to say a few words? 

Gibbs: My own results, briefly stated, are that I have not found retinitis. 

Leopold: Where have you tried to produce it? 

Gibbs: A few years ago we started on the premise that the monkey might be 
the animal that would most closely approximate man with respect to any lesions 
that might be produced. So we alloxanized some monkeys. At that time, I was 
not familiar with Dr. Lazarow’s work, so I did not know the ideal dose of alloxan. 
Finally I settled on 100 mg. per kg. in one shot intravenously. With that dose, 
all have become diabetic and few, if any, have died from the early effects of the 
alloxan. 
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We then maintain them with PBI and regular insulin. 

Our oldest group of monkeys has been fed Purina monkey chow which contains 
approximately 60 per cent carbohydrate and less than 5 per cent fat. The longest 
survival so far has been almost 3 years. There is no retinopathy to be seen with 
an ophthalmoscope. Another on the same diet died of diarrhea after 1144 years and 
had no retinitis according to histological studies by Dr. Harold Gifford. We also 
do studies of the retina by flat preparations. 

Just a year ago, we started a new group of monkeys on a diet higher in fat. 
Following the lead of Cox, we mix butter and powdered egg with the monkey 
chow to produce a diet which approximates the ADA diet. These monkeys are 
divided into groups with high, moderate, and low insulin dosage. Some of them 
were reluctant to accept this diet at first, but most of those in the moderate and 
high insulin groups are now gaining weight on it. We give them insulin once 
daily along with their major feeding. They have not gone long enough to show 
any of the pathological changes that we are looking for. 

Leopold: No renal lesion in the monkey that died? 

Gibbs: In the monkey that died of diarrhea after 114 years on monkey chow 
and high insulin dosage, there seems to be some minimal renal lesion. The most 
interesting renal lesion, so far, has been in a monkey that we killed after 6 
months of desoxycorticosterone administration and alloxan diabetes. 

Leopold: Without retinal lesions? 

Gibbs: No retinal lesions. Maybe the monkey will never produce these. Maybe 
it is a species difference. Maybe we will get renal lesions but not retinal. 

Van Eck: It may be alloxan.* Rats that have been made diabetic with alloxan 
and then followed for 1 year do not show any abnormalities in the kidney. No 
retinal complications are noticed either. 

Gibbs: We now have a series of more than 20 monkeys which died of various 
mischances, such as diarrhea, pneumonia, hangings, etc., at various periods up 
to 1144 years following alloxanization. These should give us some idea of the 
course of the initial alloxan lesion in the kidney. 

Ricketts: May I ask you about this alloxan damage to the kidney? Have you 
found, as we did in dogs, that alloxan in time will lead, not only to tubular 
damage, which everybody knows occurs in the beginning, but after some months 
severe glomerular lesions may occur in alloxanized diabetic dogs. For this reason 
we abandoned studies of any dog made diabetic with alloxan. We used de- 
pancreatized animals instead. 

I think this is worth mentioning, although it may not be true in monkeys; but 
I would be afraid of relying upon kidneys of alloxanized animals for the esti- 
mation of diabetic damage. 

Gibbs: We have not completed pathological studies of some of the kidneys, 
but the changes attributable to initial alloxan damage in the animals that have 
gone longest appear to be slight, if any. We think that they will not confuse too 

* F. Gerritzen, E. C. Noach, M. van Wyhe, and L. E. M. Valk: Acta endocrinol., XXV: 


91-100, 1957. Addendum: These authors, however, published photographs that illustrate 
marked hyaline swelling of the glomerulus membrane. 
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greatly the interpretation of true diabetic degenerative changes if and when 
such appear in the course of the next 10 years or so. 

Leopold: Dr. Levine. 

Levine: I would like to bring up one question: Dr. Lazarow and Dr. Gibbs 
mentioned the possibility, and it certainly is a possibility, that the reason for 
not producing the particular lesions in these various animals is because the 
animals are somehow not suitable. They may not produce this particular lesion. 

There is, of course, another answer (a hypothetical one), to that, which is that 
experimental diabetes is not the same disease as human diabetes mellitus, and it 
isn’t a species difference. 


SPONTANEOUS DIABETES IN ANIMALS 


Let me ask whether—I think maybe Dr. Hartroft has the information—in 
spontaneous diabetes in dogs and cats maintained as pets, which occurs from 
time to time (I have never been able to induce anybody to give me the carcass 
later, because they seem to be more cherished than some of the blood relatives 
of the same individuals) do these lesions occur? In other words, is there possibility 
that spontaneous diabetes in such animals will be followed by the same lesions 
because this spontaneous diabetes is closer than either pancreatectomy or 
alloxanization? 

Hartroft: I don’t know whether Dr. Ricketts will agree with me, but we do 
not regard the form of spontaneous diabetics that we have studied in dogs with 
Dr. Wrenshall at Toronto as the counterpart of the age-onset type of diabetes in 
man. It seems nearly to resemble the form of diabetes seen in children. Assays 
of extractable insulin in pancreases of our spontaneously diabetic dogs were all 
very low. Histologically few 8-granules and few islets were found in sections of 
the same pancreases. 

In one dog of our series we did encounter a nodular glomerular lesion in the 
kidney. We emphasized the rarity of this lesion in the publication containing this 
illustration. 

Leopold: How many other animals were examined? 

Hartroft: There were a total of seven dogs in that series at the time of publi- 
cation. 

Levine: You had quite a few over the years. 

Hartroft: We added some more cases after publication, but the results were 
more of the same. 

Despite the variety of methods now available to us of producing and studying 
experimental diabetes, with the possible exception of the Chinese hamsters, I 
know of none that gives us a form of experimental diabetes that mimics age- 
onset diabetes in adult man, in that in the latter cases there are plenty of 8- 
granules in the pancreas and stores of extractable insulin by mouse convulsion 
bioassay techniques. 

In all forms of experimental diabetes we have studied, there is nearly complete 
depletion of insulin from the pancreas and #-cells are degranulated. 

Ricketts: Why do you insist it be like adult? After all, the juvenile gets into a 
lot of trouble. These dogs are very much like that. 
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Hartroft: The dogs as I have said, do resemble more closely the juvenile 
diabetic. I think it a mistake to think that we can obtain information about 
age-onset diabetes until we are successful in our search for producing a type of 
experimental diabetes that resembles it. 

Lazarow: For the sake of the record, I would like to say that we have some 
diabetic monkeys that are in their seventh year now. I hoped to have an up-to- 
date examination of the retinas of last week, but Dr. Harris and I ran into 
complications, so that their next examination won’t be until Tuesday of this 
week. 

This is a small number. We have an equal number of nondiabetic and diabetic 
as well. Again, we are simply doing this as a fishing expedition, to see if we can 
get anything in it. Of course, Dr. Levine, one of the things you want to know is 
whether or not the complications of diabetes are related to insulin deficiency. 
If we get this, it will be fine; if we don’t this may mean that the species isn’t 
right, or that if I may make one comment about Dr. Ricketts’ observation on the 
lesions in the glomeruli in alloxanized diabetic dogs that appeared late, I would 
raise the question whether this is necessarily due to the alloxan itself, or it may 
be a late effect. 

The reason I raise this point is that in Foglia’s studies in rat following partial 
pancreatectomy, they describe sclerosis, which doesn’t look like human lesions, 
but in the rat the basement membrane is much thinner and a 3-fold increase 
wouldn’t look too visible. 

Lukens: May I make a comment on what you are saying, and what Dr. Levine 
said about the appropriateness of any species to do anything. A pigeon was a 
wonderful thing to test prolactin in, although it doesn’t have a breast. Whatever 
species is used, it is just possible that this is a 10- to 15-year lesion at the ordinary 
mammalian metabolic rate. On the other hand, you won’t produce a 15-year 
lesion in any aninial that doesn’t live 15 years. 

Another point is that the lesions in the rats, regardless of what they look like, 
were prevented by insulin treatment. 


BASEMENT MEMBRANE CHANGES 


Levine: There is one question I wanted to ask Dr. Lazarow. Take Dr. Blood- 
worth’s pictures, which look very much like supporting his hypothesis that there 
is a weakness in the wall structure, which leads to the ballooning out. If you get 
reticulum, let us say, or some similar material as the weak point in this, are there 
any comparable findings in areas that have nothing to do with retinal capillaries 
in which reticulum is usually abundant, to see if in a diabetic, in a human diabetic 
the reticular structures are affected in the course of the disease? 

Lazarow: A very good point, and there is evidence. There are reported changes 
in the ductules of the breast in which there is thickening of the basement mem- 
brane around the ductules. There is evidence in other kinds of blood vessels. 
There is evidence in the tubular basement membrane in these same kidneys of 
marked thickening of the basement membrane by electron microscopy. 

I personally am of the opinion that an alteration in the basement membrane— 
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and we know nothing about basement membrane synthesis—contains carbo- 
hydrate substances; it contains protein. 

There is something very tempting to the hypothesis that the synthesis of the 
basement membrane is somehow tied in with some of the metabolic effects that 
insulin controls. 

We certainly know that in the synthesis of mucopolysaccaride, in the skin, 
Dorfman has shown this to be the case. It is tempting to assume there is some- 
thing in there which has gone awry, and when this happens, you get either an 
increase in the amount, which may be an abnormal kind, which may change 
its viscosity or its state, permitting it to dilate, causing it to increase in amount, 
not only in the vessel itself, but in other sites as well. Once you assume the 
concept that there is alteration somehow in the basement membrane, you get 
into problems of permeability transport and lipids and proteins, and you have 
a whole wealth of places where things can go wrong and can be studied. 

Becker: I just wanted to ask Dr. Lazarow whether all basement membranes in 
the body are thickened in diabetes, and whether this is a progressive thing that 
correlates with other complications, or whether this occurs in all diabetics. 

Lazarow: I cannot say that all basement membranes are thickened. One has 
found thickening in many, many places, and places where you wouldn’t have 
expected it. 

We have that impression in the kidney lesions studied by electron microscopy. 
There is correlation between absolute thickness and the duration of diabetes, 
but I don’t think anybody has systematically studied all basement membranes 
in all sites, and I don’t think you necessarily expect them all to behave equally, 
because there are a whole lot of local factors which would contribute. You know 
that the complications which you can see in the retina or the kidney occur in 
some more rapidly than in others. 

You would expect the same kind of phenomenon, even though it were at the 
electron microscope level. 

Becker: Does the diabetic who dies with the Kimmelstiel-Wilson lesion have a 
thicker membrane than someone who does not have this lesion? 

Bloodworth: One definitely sees more thickening of basement membranes in 
persons with Kimmelstiel-Wilson lesion. I have also gained the impression that 
the most severely involved basement membranes are those adjacent to highly 
metabolically active cells, such as the tubules of the kidney or the cords of the 
adrenal cortex. 

Becker: Correlating with the vascular disease, or just occurring in diabetics? 

Bloodworth: In diabetics. Of course diabetics are hypertensive so commonly, 
that I hesitate to be specific. 

Lukens: Since congenital defects and anoxia have been mentioned in connection 
with these lesions, have you seen anything like capillary aneurysms in the 
capillaries of the feet of those who have had varicose veins? 

Hartroft: I have never looked. 

Lazarow: A reference. There is an x-ray man at Minnesota, Margols, I think 
is his name, who has been taking arteriograms at fairly high magnification. He 
believes that he observes a saccular dilation of the terminal vessels in, I think, 
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the extremities. I am not certain of this. It is in a much greater frequency in 
diabetics than in nondiabetics. It is x-ray evidence. 

Striker: Pretty late, isn’t it? 

Lazarow: Yes, but it is in other sites. 

Leopold: Dr. Hausler, do you have something to say to this point? 

Hausler: Coming back to Dr. Levine’s remark on spontaneous diabetes in 
dogs, we had an opportunity to examine the retinas of three spontaneously 
diabetic dogs. One of those had been diabetic for over 5 years. Those retinas 
were completely clear. We couldn’t find any sign of any vascular pathology. 

Leopold: Very glad to hear you say that. Dr. Lukens and Dr. Dohan turned 
over retinas of animals with 5-year pituitary diabetes in which we couldn’t find 
any. 

Lukens: The longest case I know is from F. M. Allen, a pet dog with 12 years 
diabetes who had normal retinas. 

Levine: Described with complete autopsy. 

Leopold: I think it is important to point out at this point that Ashton in his 
pathological studies of human beings, was able to find retinal lesions without 
characteristic renal changes, but renal lesions were always associated with 
retinopathy. In other words, wherever he found renal lesions, he found retinop- 
athy pathologically. 

Bloodworth: Might I question that? We have done around 120 flat preparations 
on diabetics. I was just checking through our material the other day and I found 
four or five cases with Kimmelstiel-Wilson kidney lesions, I believe, in which we 
were unable to find anything in the flat preparation. Perhaps we missed the 
retinopathy but I think it is highly unlikely with a flat preparation. 

Leopold: You are familiar with Ashton’s report? 

Bloodworth: Yes, which made me look this particular point up. I think it should 
be questioned. It may not be absolutely true. 


FAILURE TO PRODUCE RETINOPATHY 


Ricketts: It may be pertinent to point out, since everybody is talking about 
spontaneously diabetic dogs, that we have observed 10 of these animals with 
pretty complete autopsy and sent a section of most of them to Dr. Friedenwald 
when he was still alive. He was unable to find microaneurysms in these animals. 
The longest was about 5 years. 

In a group of experimenta: diabetic animals, observed up to a period of 84% 
years, no retinal lesions were observed. 

Leopold: Can we summarize this by saying that no one has seen experimental 
retinopathy in experimental animals, whether spontaneously or experimentally 
induced? 

Ricketts: Yes. 

Levine: To be safe. 


POSSIBLE INFLUENCE OF DIET 


Hartroft: May I underline the remark about primate experiments? A feature to 
keep in mind with all these negative experiments, particularly with spontaneously 
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diabetic dogs, is that the animals are frequently maintained on food rations, 
which are not at all in the same ratios of fat, carbohydrate and protein that man 
consumes. So many laboratory animals in experiments that have been conducted 
are fed stock chow rations, which are actually low-fat diets compared to those of 
man. I think more studies need to be done the way these monkey studies are 
being done, in which the compositions of the diets of the animals are paid great 
attention. Ideally one would wish to have them consume at least 40 per cent of 
their calories as fat, just as man does. 

Furthermore, there is another point which we have just recently encountered. 
Rats and rabbits are usually offered food for most of the day. They nibble all day. 

There have been published data from other laboratories, and we have seen this 
in our own too, that the serum lipid profiles are quite different quantitatively in 
animals trained to be meal eaters (two a day) than in the clock-around nibblers, 
the latter having lower serum lipids even though isocaloric with the meal eaters. 

In cholesterol fed rabbits, as recently published, the degree of resulting athe- 
roma was also greater in “‘meal eaters” than in ‘“nibblers.” 

Man who eats three meals a day must chronically suffer three attacks of post- 
absorptive hyperlipemia, whereas an animal which nibbles a low-fat diet will 
suffer none. Even if the animals are fed a high-fat diet but allowed to nibble, they 
will not suffer peaks of postabsorptive hyperlipemia. 

Levine: Dr. Cohen has extended his work to human nibblers, and cholesterol 
falls. 

Hartroft: As published from our laboratory* myocardial infarction in the 
Negro occurs only one-half to one-fifth as frequently as in the white, depending 
on the age groups compared. So great is this racial difference that the diabetic 
Negro has no greater an incidence of myocardial infarction than does the non- 
diabetic white. 

We are now conducting a dietary survey of these Negroes and whites in St. 
Louis. We thought we would like to find out how the Negro eats and start copying 
him at once. 

But thus far we can’t find any difference in the quantity or quality of their 
food intake even particularly, as regards the kind of fat that they eat. But a group 
of these Negroes, we have found, does only eat two meals a day. 

Striker: Aren’t there too many other variables to take that too seriously? 

Hartroft: Quite probably, but we are able of course to test our results by sta- 
tistical methods. 

Striker: How about emotional stress? 

Hartroft: Emotional stress is the refuge of the etiologically destitute. If emo- 
tional stress were an important factor surely the incidence of myocardial infarc- 
tion would be higher in the Negro than in the white, unless you believe that the 
white suffers more emotional stress because of his guilt feelings for his treatment 
of the Negro. 

Lazarow: I will agree with what Dr. Hartroft said for the necessity of doing 


*W. A. Thomas, J. O. Blanche, and K. T. Lee: Race and the incidence of acute myo- 
cardial infarction. A.M.A. Arch. Int. Med., 100: 423-429, 1957. 
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these dietary control studies, but I would like to ask, has anybody shown any 
evidence that varying what human beings eat will affect the rate and incidence 
of development of complication? 

Striker: I would like to paraphrase these remarks by saying that many years 
ago Dr. Solomon Strouse of Chicago, said, “that it was an amazing situation that 
a diabetic could get on a train at Boston, stopping at other metropolitan areas 
such as New York, Philadelphia, Chicago, Omaha, San Francisco, and Los An- 
geles. In spite of the fact that the patient might have been placed on a different 
type of diet at each stop he would wind up in a rather satisfactory condition, even 
though there had been alterations in diet.” To further substantiate this concept 
during the war when there was a severe shortage of food stuffs, Dr. Russell Wilder 
was appointed Chairman of a Committee of The National Research Council, en- 
titled “‘A Subcommittee on Medical Food Requirements,” to study this problem 
in relation to disease. This committee was organized to establish certain stand- 
ards of diets so that ration points could be allocated for them. Several diseases 
were studied such as: duodenal ulcer, ulcerative colitis, diabetes etc. I was as- 
signed the task of setting up a standard type of diet for diabetes. This was a diffi- 
cult job and was done after consultation with about 15 diabetic specialists across 
the continent. It was very revealing, in compiling the diets used by the various 
specialists, to learn that some used as little as 35 gm. of carbohydrates and others 
an unlimited amount of carbohydrates, and some used as little as 24 gm. of pro- 
tein to 214 gm. of protein per kg. of body weight. Furthermore some used a mini- 
mum amount of fat and others used an unlimited amount of fat. We were 
confronted with the practical problem of how to advise the Office of Price Ad- 
ministration in terms of tokens for obtaining food. It was impossible to come to 
any rational type of diet allocation. As a result thereof, we simply struck a general 
average and declared this an official recommendation. 


SuMMARY OF First Day’s SESSION 


Leopold: Dr. Levine has consented to summarize things that have been said 
up to this point. 

Levine: I don’t think it is possible to summarize, really. I will try and digest 
and make a little package out of all that has been said, not in the order, perhaps, 
that it has been said. 

First, I detected in what people said, some dissatisfaction that we all feel with 
the definition of diabetes, which is pertinent to this complication. We can adhere, 
of course, to the definition of diabetes as a disturbance of carbohydrate tolerance. 

Therefore we need, as a minimum criterion, a deviation of that tolerance, be- 
fore we can begin to look back of that to what is now called the prediabetic state. 
Perhaps there are more subtle difficulties that are present before visible disturb- 
ance of glucose tolerance, for many years, perhaps, which are part of the syn- 
drome of diabetes, and I think this could be supported, especially by what has 
been found in the relatives of diabetics. 

Coming down to the vascular picture, such things as the findings of Dr. Ditzel 
in siblings of diabetics, in the conjunctival vessels and elsewhere; such things as 
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the exceptional, but nevertheless interesting cases of vascular disturbance, in- 
cluding retinopathy, with high degree, with minimal or no degrees of the glucose 
tolerance in those people who are relatives of diabetics. 

It seems that more and more we are pushed into the situation of following a 
dictum of diabetes being a genetic disorder and therefore some biochemical 
change has occurred, and is present since fertilization. 

Whether this leads first to a disturbance in the insulin apparatus and then this 
leads further to all the concomitants or complications, whichever way you want 
to look at them, is still an enormous problem, and one can take that view with 
much support. 

One can also take the view that whatever this inherited biochemical deviation 
is leads to disturbances in the insulin apparatus as well as to disturbances in other 
areas of the body. These are two views which are very equally important, and 
have equally good support. 

I think from what I have heard, I gathered the impression that there are cer- 
tain changes in the eye, which we can more or less explain—lenticular changes, 
for example. Those have been produced, and only to remind you, in great detail. 
They look as if they had to do with the carbohydrate disturbance in an insulin- 
sensitive area, changes in refraction and so on. 

But the most important, from the standpoint of the life of the individual, are 
the retinal and renal changes. Blindness, with or without threat to life, is often 
the culmination. 

Now, the retinopathy, as described, seems to proceed first with the formation 
of aneurysmal dilations, accompanied perhaps by venular changes, but it isn’t 
known whether these precede or have to follow the aneurysmal changes. 

The aneurysms themselves do not seem to be absolutely specific for diabetes, 
but their number and location and development in showers seem to be specific 
for the diabetic state. In other words, one can find similar aneurysmal dilations 
in the central vein obstructions, in other disorders, but they are few and far be- 
tween, and not followed in this relentless fashion as they are in diabetes. 

What is the aneurysmal dilation? We had theories presented to us: One, the 
theory that this is an attempt at proliferation of the capillary with kink forma- 
tion and kink spheres, and leaves a pouch, to paraphrase Ashton’s doctrine. 

I think Dr. Bloodworth at least convinced me, if that occurs it is not a common 
situation. But, as he suggested, I think some of the pictures that Dr. Hausler 
showed tended in a similar direction: This may be a weakening of the wall, just 
as an aneurysm in a major vessel, an outpouching, not always just unidirectional, 
but sometimes fusiform with deposition of materials which are PAS stained, first 
in the periphery, and then perhaps filling out. 

He suggested that it might be fibrin, though there is no real evidence for it one 
way or the other. It is something stained with PAS. 

I think we ought to stop a moment and consider, since the glomerular lesion is 
also characterized by masses of material or streaks of material, stainable with 
PAS. 


What does this mean? 
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Actually, this is not too specific a situation. As was brought out yesterday, 
PAS stains materials which have certain aldehydic residues that are exposed. 

These are usually carbohydrate. They are not neutral fat. They sometimes 
could be fatty aldehyde, but this would be rather unusual. 

The group probably can be put in one big category, if we consider that part of 
this is protein. Either these are glycoproteins, or they are mucopolysaccharides. 
I think all of you should consider that these two groups of carbohydrate protein 
are different from each other. They are not synonymous. It would be important 
to know which one of the groups it is. 

Now, fibrin could have some PAS staining. The intensity of the staining in 
those situations looks as if there were more carbohydrate than fibrin usually has, 
but what it is, we don’t know. 

There hasn’t been, to my knowledge, a real chemical analysis of the masses of 
deposits in a nodular glomerulus sclerosis. At least I am not aware of it. Perhaps, 
by approaching this in mass fashion, one could get at the chemistry of this situa- 
tion. 

It was very difficult to see from the pictures how it is possible for such aneu- 
rysmal dilations after a certain period, to regress completely, and yet they do 
regress completely. I think the pictures that were shown here suggest that there 
is regression following control of the diabetes by diet and insulin and following 
many other procedures, including hypophysectomy. 

What the common elements in such situations are we don’t know. It makes 
evaluation of treatment, as you all know, extremely difficult. 

Now, as to other theories, it would seem from some of the considerations that 
large changes in pressure in the vessels of the retina do not seem to account for 
the formation or retrogressive changes do not seem to account for the disappear- 
ance of these aneurysmal dilations. Whether there are more subtle changes 
doesn’t seem to be known. This is an area of work which needs to be done. 

Now, in the development of retinopathy, it would seem that the center of inter- 
est is the pathogenesis of this aneurysmal dilation, because what follows seems to 
be secondary. Some bleeding and some exudate, would seem to account for it, ex- 
cept for one thing: I gained the impression yesterday that the proliferative reti- 
nopathy is not. the way some of us sometimes thought as the last end stage of the 
ordinary aneurysmal dilation of retinopathy, since there seems to be a distinction, 
and some start a proliferative retinopathy immediately, rather than following 
the set course. 

There has been one suggestion coming from Dr. Lazarow, that perhaps there is 
an underlying defect which shows up in the retinal vessels, because they are all 
really surface vessels, in a sense, and shows up perhaps in glomeruli because kid- 
ney function is something that signals, but it may exist all over the place, in 


blood vessels, and outside of blood vessels, in a weakening distortion, change, 
whatever have you, in something loosely called basement membrane, ground 
substance, reticular material. Also a suggestion that this reticular material, while 
physically electron microscopically not recognizable as a collagen in its periodic- 
ity, is of the collagen group from the standpoint of chemical analysis of amino 
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acid content, carbohydrate, etc., mixed with carbohydrate but having sufficient 
hydroxyproline as belonging to that group. 

It is possible, therefore, that work should proceed not so much on retinpoathy 
or the glomerular lesions as such, but on a more basic situation, perhaps under- 
lying changes in other arteries and ground substance in diabetes, and more spe- 
cifically the formation of a collagen-like protein linked to carbohydrate. 

Whether we are at this stage yet, I don’t know. I haven’t heard enough posi- 
tive data to be sure, but it is an intriguing situation that there is a change which 
isn’t really specific for the eye or for the kidney, but shows up there more than 
anywhere else. 

Leopold: Thank you very much, Dr. Levine. 

Lazarow: I would make one correction to one thing Dr. Levine said about the 
PAS reaction. 

It is not a test for free aldehydic groups. These are not what is measured. It is 
the fact that substance is usually carbohydrates that have adjacent dihydroxy 
groups, or hydroxy or amino groups, are hydrolyzed to free aldehyde with periodic 
acid, and because these aldehydic groups are typed as an insoluble structure, 
that they will react with the Schiff reagent. Many carbohydrate substances, for 
example, the hydrouronics, and sulphate do not give PAS reaction, and if you 
look at their structure, you find that because of the one-three linkage which bind 
the chains together, they do not have the proper chemical configuration for the 
specificity of periodic acid, and hence they are negative. 

Hence, it is only certain carbohydrates in an insoluble attached form of protein 
or some other constituent that reacts. 

Leopold: We could discuss what Dr. Levine has highlighted here, I think the 
rest of the day, but perhaps it would serve our purpose better if we went on to 
other aspects of the subject at this time. 

Kinsell: Dr. Levine mentioned this matter of early occurrence of proliferative 
retinopathy. Does this occur in the absence or early in the absence of vitreous 
hemorrhage? 

Leopold: There has been a number of fundi described, in which you get retinitis 
proliferans prior to preretinal hemorrhages. 

Becker: I think this has to remain open to question. We see so many patients 
with early stages of retinopathy with no awareness of the condition. Small hemor- 
rhages may take place. I don’t think I have ever seen proliferation without some 
evidence or hint of previous hemorrhage. 

Bloodworth: Are retinitis proliferans and microaneurysmal retinopathy differ- 
ent processes? 

Becker: By “different” do you mean unrelated? 

Bloodworth: Are the same vessels involved? Is the fundamental defect the same? 

We know the hemorrhages are from capillaries in diabetic retinopathy. Are the 
hemorrhages which you have in the vitreous from the same vessels or larger 
vessels? 

Becker: I think the hemorrhages that break into the vitreous are not from 
capillaries. 

Bloodworth: This may well be a different, though perhaps related process. 
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Becker: I agree. I am just reluctant, on the basis of those few patients we see 
with proliferation and little other retinopathy, to draw the conclusion that pro- 
liferation can take place before hemorrhages. I think it is much more rational to 
consider the hemorrhages as the means of rupturing into the vitreous and pro- 
liferation taking place in the organization of that hemorrhage. 

Maumenee: I say you get retinitis proliferans and hemorrhage into the vitreous 
from other factors, whereas I think the particular fundus picture of diabetic 
retinopathy is fairly specific. 

There are conditions, such as occlusion of the vein or chorioretinitis, that you 
can get isolated microaneurysms, but this is not the picture of diabetic retino- 
pathy. 

Graef: I know we are going to take up renal lesions in more detail. But I think 
we should not leave the summary of the retinal problem without highlighting 
what happens to other vessels as this disorder advances, characterized by deposit 
of abnormal materials in supporting tissue. 

It is many years since I studied the lesions intimately myself, but I was im- 
pressed when I was reviewing material taken from the preinsulin era and the 
postinsulin era, with changes in the afferent and efferent arterioles in the kidney. 

These situations may be parallel in structures in the eye that our colleagues 
in ophthalmology could tell us more about. What happens as this disorder ad- 
vances? 

When we reach retinitis proliferans, as a rule it has been my experience with 
biopsy material, intercapillary glomerular sclerosis is accompanied by afferent or 
efferent arteriosclerosis, which includes the sclerotic process due to the depositing 
of mixed material. 

It seems to me that there is a large gap in our knowledge about the small ves- 
sels in the extraocular structures, retrobulbar fat, the choroid, and the conjunc- 
tival vessels, with respect to histochemistry of their status. 

If there are persons who have some observations on these vessels, with respect 
to histochemical changes, I think we ought to record them, or get some clues, if 
we can, as to whether or not these other vessels are involved. 

This bears, I think, on the question that was asked of Dr. Becker: Are we deal- 
ing with a different vascular reaction when retinitis proliferans is present, com- 
pared with the primary lesions which Dr. Bloodworth showed us so plainly? 

Leopold: Dr. Zimmerman, do you have information along that line? 

Zimmerman: I haven’t made any studies myself on that question. I think Dr. 
Bloodworth has; Dr. Ashton has. Dr. Ashton has emphasized the fact that al- 
though the disease seems to begin at the capillary level, it ultimately involves all 
veins and all arteries so that at the end stage, you may get a remarkable lack of 
vascularization of the entire retinal capillary, retinal circulation, and the entire 
retina tends to become devoid of vessels of all sizes. 

But as far as the other vessels, the choroidal vessels, the retrobulbar vessels, we 
know that the incidence and the complications of atherosclerosis, the occlusion of 
the central retinal artery and vein are much more frequent in the diabetic than 
in the nondiabetic, but that is about as far as I could go. 

Bloodworth: I am not going to say too much. I think perhaps with some fear 
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and trepidation I should raise one question. I am still in no way convinced that 





retinal and renal changes are the same process. I admit that there is a great deal T 
of evidence indicating that they are the same, or closely related. ! 
On the other hand, I have not been able to convince myself that diabetic tl 
glomerulosclerosis is related initially to aneurysmal formations. te 

I am not even able to convince myself that the nodular lesions are the initial 
process. al 

I think it is unwise to ignore the fact that all patients who have suffered from d 
diabetes for a reasonable length of time show a diffuse glomerulosclerosis which st 
is often independent of the typical nodular lesions described by Kimmelstiel and 
Wilson. In fact this lesion seems to precede the development of nodular lesions in al 
most—if not all—instances. 

It is true, as pointed out in the literature, that diffuse glomerulosclerosis can tl 
be mimicked or produced at least within the limits of our present methods of b 
study by other diseases. ol 

Nonetheless, this diffuse change is present in every single kidney that I have 
ever seen, which had diabetic nodules. 





I think it is probably safe to assume, then, that the diffuse change is the first SC 
process. SC 
I might add one additional little bit of information that I obtained. We have 
had a number of Japanese residents and with their help I was able to obtain 
sections from kidneys of 16 Japanese diabetics. These patients constituted the 
entire series of autopsied diabetic patients from two Japanese hospitals, in- 
cluding the University of Tokyo, the biggest in Japan, and 15 of these 16 showed pe 
very definite diffuse glomerulosclerosis, without any nodular changes. The st 
16th did show nodular changes similar to what we commonly see here. e\ 
I am not aware of any diabetic dogs, of which I have seen a number, that tr 
showed the typical nodular change, but they usually show diffuse changes. My m 
point is that I think the diffuse change is the initial underlying process. The ta 
nodular change is something that we Americans add to our glomerular lesions tk 
perhaps by diet. At least, I am very strongly in favor of further investigation of gl 
the effect of diet. th 
Another point is that the vast majority of the nodular lesions which are seen in 
in the kidney of diabetic patients are associated with hypertension. at 
I think it is reasonable to say that practically 100 per cent of the renal nodular or 
lesions have associated afferent arteriolar sclerosis of the type seen in hyper- ok 
tension. gl. 
The arteriolar sclerosis of hypertension, which is extremely common in renal 
lesions, I believe, is not always present in diabetic retinopathy. se 
I ask the group to confirm or deny this. But I am under the impression that th 
diabetic retinopathy can occur without hypertension and presumably without di 
arteriolar sclerosis, which goes almost hand-in-hand with hypertension. 
Leopold: Dr. Spargo. th 
Spargo: There are increasing experiences with renal biopsies in the diabetic co 
and prediabetic stage. I am impressed with the degree of correlation between be 


diabetic retinopathy and the diabetic gomerular sclerosis. This correlation 
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isn’t perfect but we are comparing here a lesion in two different structures. 
Their anatomy is different. I think it might be helpful, since we are continuously 
talking about the kidney lesion, to tie it down a little better, and show what 
the structure is, and at least one interpretation of how this specific lesion relates 
to the general vascular change with diabetes. 

Bloodworth: Is it possible that we actually have two processes in the kidney 
and that we will find a different correlation between the renal and retinal changes 
depending on whether we use the incidence of diffuse or nodular glomerulo- 
sclerosis? 

Leopold: Suppose we hold that, and we will go through some of these things, 
and we will come back to that a little later. 

Dolger: Could you say in one sentence, shall we associate hypertension, as if 
this were the sine qua non for retinopathy. Actually, there is a wide separation 
between the incidence of hypertension and the earliest cases of retinopathy, 
of which I think not more than half are hypertensive. 

Leopold: That is what Dr. Bloodworth said. 

Bloodworth: That is my point. When you get a type of nodular glomerular 
sclerosis, practically all have hypertension, and perhaps all show arteriolar 
sclerosis, whereas in retinopathy it certainly is not true. 


RELATIONSHIP OF HORMONES TO RETINOPATHY 


Leopold: Dr. Mortimore. 

Mortimore: Most of you, I am sure, are aware of the reports that have ap- 
peared in the last 6 to 8 years implicating the adrenal cortex and its secreted 
steroids in the pathogenesis of diabetic retinopathy and glomerulosclerosis. The 
evidence may be summarized very briefly as follows: First of all, the adminis- 
tration of ACTH or glucocorticoids has been reported to induce in animals and 
man retinal and glomerular lesions suspiciously similar to those found spon- 
taneously in the course of diabetes mellitus. Second, it has been reported that 
the adrenal glands from diabetics having the characteristic Kimmelstiel-Wilson 
glomerular lesion are larger, adenomatous and reveal increased vacuolization of 
the cortical cells. Such morphological changes would suggest the existence of 
increased adrenocortical activity in patients with far advanced diabetic nephrop- 
athy. Third, in patients who have lost pituitary function, either spontaneously 
or surgically, the retardation or partial regression of vascular disease has been 
observed. Similar changes have been noted following the removal of the adrenal 
glands. 

Since the diabetic is subject to two stresses that are known to increase steroid 
secretion, namely, acidosis and hypoglycemia, it is not unreasonable to assume 
the existence of a higher than normal level of adrenocortical activity in many 
diabetic subjects. 

About 6 years ago, Dr. Peter Forsham and I attempted to answer a question 
that may be simply stated as follows: Is there any evidence of chronic adreno- 
cortical overactivity in diabetics having retinopathy or glomerular disease or 
both, as compared with uncomplicated diabetics. 

The subjects of this study comprised 40 known diabetics, both male and female, 
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between the ages of 17 and 70. Of those having vascular disease the degree of in- 
volvement ranged from minimal to advanced renal disease. In every case careful 
measurements were made of basal urinary 17-hydroxycorticoid and 17-ketoster- 
oid excretion. In most patients the ability of the adrenal cortex to respond 
to a standard intravenous ACTH infusion was also assessed. The ACTH was 
given as 20 units of a lyophilized preparation over an 8-hour period and 
the increase in steroid output during the day of the infusion was determined. 

Eye grounds were carefully evaluated in every patient and, in a few selected 
subjects, renal biopsies were taken. The biopsy material was included as a part 
of a larger study on the pathogenesis of diabetic glomerulosclerosis by the 
Department of Pathology of the University of California. 

Renal function was evaluated by a 15-minute phenosulphonphthalein test 
and the endogenous creatine clearance. Urine was examined both for protein 
and sediment. 

The most important analysis in this study involved a comparison of two groups 
of diabetics, comparable with respect to age, sex, duration of diabetes and 
clinical type of diabetes (labile or stable), but differing as to the presence or 
absence of clinically recognizable retinopathy or renal disease. For this aspect 
of the study I am grateful for statistical help of Dr. Samuel Brooks. 

The individuals of these two groups were selected in pairs from among the 40 
studied. We attempted to minimize differences in steroid excretion which might 
be attributable to age, sex and the like, in order to focus on the main question— 
vascular disease. Ten pairs were selected whose characteristics matched within 
reasonably close tolerances. Although body weight was not included as a pairing 
characteristic, there was no significant difference between the means of each 
group. In some instances, the onset of diabetes was not marked by symptoms. 
We then had to rely only on the first documented evidence of carbohydrate 
intolerance to determine the duration of diabetes. 

Hartroft: Was blood pressure included? 

Mortimore: No. But, of course, blood pressures were recorded as part of the 
physical examination. The patients with vascular disease used in this pairing 
study revealed evidence of retinopathy which varied from the presence of a few 
scattered aneurysms and small hemorrhages to retinitis proliferans, yet none 
had significant hypertension. Renal biopsies from several of these subjects 
disclosed early to moderate diabetic glomerulosclerosis, but none had evidence 
of impairment of renal function. Three subjects with advanced renal disease 
formed a third group that will be discussed later. 

In Figure 7 are depicted the results of the basal urinary 17-hydroxycorticoid 
measurements from the pairing study. There was the expected variation among 
individuals, but no significant pair differences were observed. The means of the 
groups agreed closely and compared favorably with values reported for normal 
subjects. The same analysis was made for the 17-ketosteroid determinations 
(Fig. 8) and again no significant difference was noted. 

Although all of the subjects studied were reasonably well controlled in regard 
to carbohydrate metabolism, no attempt was made to pair the subjects in their 
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Figure 10 gives a breakdown of the responses to the standard ACTH test. 
The subjects in this instance were not paired, but the three groups of diabetics 
may be readily compared. The first group, without complications, responded 
normally and the 17-hydroxycorticoid excretion on the day of stimulation was 
approximately 3 times the basal value. The second group, having retinopathy, 
occasionally combined with early glomerular disease, likewise revealed normal 
adrenal responsiveness to intravenous ACTH. The third group consisted of three 
individuals with advanced diabetic nephropathy, renal insufficiency and periph- 
eral edema. The increase in 17-hydroxycorticoid excretion incident to ACTH 
stimulation was markedly reduced when compared with normal subjects or the 
other two groups. This impairment was attributed to renal insufficiency rather 
than adrenocortical unresponsiveness per se since the rates of rise of free plasma 
17-hydroxycorticoids during the ACTH infusion were virtually identical to 
those of the other groups (Fig. 11). The renal clearance of steroids is known to 
be reduced in renal insufficiency and the smaller increase in urinary steroids 
during stimulation observed in these 3 patients undoubtedly reflects this defect. 
Leopold: Thank you very much, Dr. Mortimore. Dr. Bloodworth. 
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Adrenal Hyperplasia 


Bloodworth: Well, there is one thing I would like to say at the present time, 
and that is that we have been fortunate enough to have a large coroner service 
as part of my autopsy service. 

As such, we see numerous healthy young adults who die acutely of trauma. 
I have found, over the years, that normal adrenal weight is considerably less 
than most people usually state. 

I think adrenal hyperplasia is sometimes missed because people are unfamiliar 
with the relatively low normal adrenal weight, and I will say for the record that 
the combined weight of both normal adrenals is somewhere between 7 and 11 
gm. These figures are based on a personal study of 500 sets of adrenals. 

Now, as far as the relationship between diabetes and adrenal activities are 
concerned, I can only say one thing: I have been impressed with the vast majority 
of diabetics showing definite and unequivocal adrenal hyperplasia. 

I have made no statistical study, but it seems to me that there are certainly 
very many diabetics who do not have severe complications of the vascular 
type but who still have severe adrenal hyperplasia, and therefore very probably 
increased adrenal cortical function. 

Then I must bring up the point that in a study of autopsy material, such as 
that which Dr. Becker studied, we have three things to consider: the production, 
the storage, and the excretion of hormone and it is very difficult to determine 
at autopsy the exact functional status of the gland. Nonetheless, increased 
weight usually indicates increased function. 

One should remember also that many reports of increased adrenal function 
in the diabetic are based—not on measurement of function—but on excretion of 
various corticoids. I am still not quite certain whether it is fair to conclude 
that there is a profound difference between the adrenal function of diabetics 
with vascular lesions and those without. 

We administered various adrenal steroids and corticotropin to animals but 
were unable to produce either microaneurysms in the retina or nodular glo- 
merular lesions. 

You are all familiar with Dr. Becker’s paper, in which they administered 
corticotropin to the rabbit, and in which they did find retinal microaneurysms. 

I understand Dr. Becker has tried to repeat this, and we did, too, on two 
occasions, but were unable to find microaneurysms. There is no explanation of 
what happened in the first series. The photographs in his paper are unquestion- 
able. Nonetheless, both he and we were unable to reproduce this work. Certainly 
there is room for speculation here, and that is about as far as I can go. 


Factors to Be Considered in Analysis 


Leopold: Dr. Becker. 
Becker: The whole concept of an adrenal hypothesis was not presented to be 
taken quite as literally as it has been taken. It was taken as a convenient device 
for hanging together the information available at the time. As a hypothesis it 
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suggested further approaches which we thought had not been explored fully in 
comparing diabetics with retinopathy and diabetics without retinopathy. 

At the time it was presented, much of the information available fell in line. 

There is no point in reviewing that information here, but I would like to come 
back to a few of the pertinent points which in subsequent series have not been 
confirmed, or have been confirmed by some and denied by others. 

For example, in a recent issue of the British Medical Journal there is a report 
of even larger differences in 17-hydroxysteroid excretions than we found. How- 
ever, other workers do not find any significant differences. It has been pointed 
out that all patients who were in ketosis have to be excluded. Patients without 
retinopathy who have evidence of ketosis have high excretion of hydroxysteroids 
and will distort the data. 

Another difference which I think is important is the variability of the ex- 
cretion of hydroxysteroids. We found, if we hospitalized patients, that there was 
a much greater scatter among diabetics than among normals, and that there 
were a number of occasions when the patient with retinopathy excreted less 
hydroxysteroids than the normal, or than the one without retinopathy, but 
there were other occasions when they excreted much more. Over a long period 
of time they tended to excrete more. Again, this wasn’t meant to say that they 
had Cushing’s syndrome, or that there was an enormously elevated excretion. 
The data were statistically significant in our series, however. 

Again one can speculate here, as Dr. Bloodworth has suggested, as to whether 
these were purely quantitative or qualitative differences. 

Another important discrepancy that I found in trying to review the literature 
was the selection of cases. I think this is perhaps the most critical feature of all. 

Obviously, if one includes in the patients who are considered as having dia- 
betic retinopathy those that have the advanced and perhaps “burnt-out”’ or 
nonactive stages of the disease, such as detachments and proliferative changes, 
these patients tend to distort the data in the retinopathy group. 

Since they do have retinopathy, perhaps it is unfair to throw them out of a 
series of patients with retinopathy. 

This was evident in Dr. Mortimore’s data. If he had included the patients 
with Kimmelstiel-Wilson’s disease— 

Mortimore: Not included. 

Becker: If these were included, you would have data which would prove that 
those with retinopathy had lower oxysteroid excretions and perhaps significantly 
so, than those without retinopathy. 

On the other hand, the inclusion of a number of patients in the nonretino- 
pathy group with ketosis or more important the inclusion of diabetics with 
just “a few capillary aneurysms” in the nonretinopathy group greatly distort 
the data. Unfortunately it is very common to include those with a few “‘in- 
significant” capillary aneurysms in the nonretinopathy group. If you do this, 
and then include in the retinopathy group those with Kimmelstiel-Wilson’s 
disease and advanced disease, you find no statistical difference between the two 
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groups. In fact it was our experience that those patients with the earliest retino- 
pathy had the most significant differences in every function that we measured, 
steroid excretion, response to ACTH, and the various other measurements that 
were made at the time, including the By, tolerance test. 

It was of interest to me in this issue of the British Medical Journal, to have 
each of these findings confirmed when the selection of cases was made. 

Therefore, I would have to ask Dr. Mortimore how carefully were the fundi 
examined? Were the pupils dilated? Were the necessary hours spent on the 
examination of each patient? Unless this is done, one is missing the major criteria 
for separating the patients. 

It has been my experience repeatedly to have careful residents examine a 
fundus and miss a whole area. I have been guilty of this myself, more often 
than I like to admit. As I said yesterday, showers of aneurysms may occur in 
one area and can be missed, resulting in falsely classifying the patient as not 
having retinopathy. 

I might make one other point for the record. We have been unable to repeat 
the experimental production of retinopathy in the rabbit. The question that we 
have asked ourselves repeatedly is whether they were capillary aneurysms or 
the unusual bendings and twistings of capillaries which occur in rabbits. I think 
we were overenthusiastic at the time we found these in the rabbit treated with 
alloxan and ACTH, and who had renal lesions, too. 

At any rate we have been unable to reproduce this type of lesion, although 
we have, of course, been able to produce the type of renal lesion that these 
animals develop. 


Production of Experimental Renal and Retinal Lesions 


Bloodworth: May I add one thing? I think it is pertinent to stress very em- 
phatically that retinal vessels of the rabbit are quite different from the retinal 
vessels of the human, in that they are located almost exclusively on the surface 
of the retina. 

Actually, they appear as if they were almost out in the vitreous. They only 
rarely send branches down within the retina, they are usually much thicker- 
walled, and they are located only in a small, thin band which runs laterally on 
each side of the nerve head. 

They do not spread over the entire retina, indicating that a majority of the 
rabbit retina receives its nutrient, supply from other vessels. I think that we 
ought to eliminate the rabbit as an experimental animal in the study of retinal 
vascular problems. 

Leopold: Dr. Lazarow. 

Lazarow: Can I get both Dr. Bloodworth and Dr. Becker to comment further 
on what their feeling is of the renal lesions as induced by the combination 
of cortisone and ACTH in diabetes. How do you feel this relates to the lesions 
occurring in diabetes—the present state of our knowledge? 

Leopold: Dr. Bloodworth, you did comment on that before. 
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Bloodworth: I think Dr. Becker really should present this work because the 
group at Johns Hopkins did this initially. We simply took it up and made an 
additional study and reported it in more detail. In the intact rabbit we were able 

to produce with relative ease by the administration of cortisone a lesion in the 

kidney which consisted of a dilated capillary loop, which, by all criteria, can be, n 
I think, called an aneurysmal dilation. 





In this dilated capillary loop, there was a deposition of a material which in some 
cases was very foamy in appearance and which contained almost as much lipid is 
as it did protein. The protein was PAS positive. 0 

In routine paraffin sections, there were vacuoles representing the lipid. The 
lesion then appears to progress to a solid mass of PAS-positive material, which a 
we call “thrombi.” We could not produce similar lesions in a cat or dog. 

Initially we used alloxan-diabetic animals, but found that cortisone was the v 
pertinent material, and that the alloxan diabetes did not particularly help. 

Another point which I think should be mentioned here is that the group at b 
Hopkins also discovered that the vitamin-antibiotic supplements included in the sx 
feeds given these animals interfered with the production of lesions. 

In the preparation of the tetracyclines the first and purest fraction taken from b 
the production vat is used for human beings, the second fraction is sold as a ti 
veterinary antibiotic, and the third fraction which, in essence, is everything that b 
is left, including many waste products of the process, is sold to the animal food d 


manufacturer. Included in this fraction is a tetracycline to which is added vita- 
min By. Animals receiving routine feeds, including the supplement showed a 


30 per cent response. If we took out the supplement the response approached 01 
100 per cent. We then tried to inhibit the production of lesions by the use of bi 
pure vitamin By or tetracycline or both without success. I think Dr. Becker and ri 
his group also did this. ia 


In summary, then, the inhibitor is something which is in this impure product, 
not a tetracycline and not vitamin Bis. This may be of importance to our prob- 
lem, because it looks like there is something in the action of the cortisone which 


‘auses a relaxation of the capillary wall following which there is dilation, and es 
what amounts to thrombosis in this relaxed dilated area of the capillary where m 
the flow is poor. It also appears that there is something in the impure product lo 


from the preparation of the tetracycline drugs which will prevent this relaxation, 
so maybe there is food for thought in this area. 


Renal Lesions of Cushing’s Disease re 

Levine: May I ask the pathologists in the group, what is the consensus of ea 
opinion as to the renal lesion found commonly in Cushing’s disease with and 

without diabetes? = 

Bloodworth: I wonder if anyone has enough cases of the two types to really he 

answer the question. ha 

Graef: We badly need the data. We don’t have them. I have been looking for ov 

a documentation of this. op 


Levine: It is curious. There are a sufficient number 
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Ricketts: I think it is true that Cushing’s patient, even with diabetes, does not 
show microaneurysms. This is well established. 

Levine: This was my impression. We reported it and so did McCullough. 

Bloodworth: How long do they live after the Cushing’s disease becomes frankly 
manifest as a severe disease? 

Graef: There are no adequate follow-up studies available yet. 

Levine: There have been some that lived for quite a number of years. There 
is a curious relationship I wanted to throw in the hopper for whatever one may get 
out of it, a curious paradox. We reviewed as much as we could of the cases of 
Cushing’s disease that we could get hold of in the literature for another purpose 
altogether. 

In the first place, we were impressed that those published kidney punctures 
were not characteristic of diabetes, even in Cushing’s disease with diabetes. 

The second thing is an anomaly. That is, the published cases of Cushing dia- 
betes, if you include in the definition disturbed glucose tolerance, amounts to 
somewhere around 30 per cent of the cases of Cushing’s. 

However, if you go through hundreds of cases of artificial Cushing’s induced 
by ACTH or by the steroids, the number of cases of diabetes including the dis- 
turbed glucose tolerance is only about 4 to 6 per cent. This is a curious situation 
because the 25 to 30 per cent coincides more with siblings of diabetics than it 
does with the general population. This is a curious selection. 

Graef: I would like to comment favorably on Dr. Becker’s remarks. 

As we look for the cause of retinopathy, I think we should keep an open mind 
on the possible role of hormonal factors. This is probably a gratuitous remark, 
but I think it is easy to try to homogenize our data, and Dr. Mortimore’s mate- 
rial includes a very wide scatter of the results in studying the parameter involv- 
ing excretion of 17-hydroxysteroids. 


Necessity of Understanding the Natural Course of Retinal Lesions 


I think we need what Dr. Becker has implied, and that is a selection of cases 
early enough in this disorder, in which we make every effort to study every 
metabolic feature of the patients who have showers of microaneurysms and fol- 
low their course from this basis. 

We have no such longitudinal studies of the natural behavior of these people. 

I have a small series of seven diabetic patients who have been adrenalecto- 
mized, chosen for operation because they were normotensive without impaired 
renal function but had lost the sight of one eye due to retinitis proliferans and 
earnestly pleaded for relief or saving of impaired vision in the remaining eye. 

These patients have done about as well as the hypophysectomized patients 
in the material reported. About half of them have had reduction in retinal 
hemorrhages. Like a lucky break in any therapeutic experiment, the first patient 
has had spectacular improvement with a complete cessation of hemorrhages 
over a 5-year period, and has maintained her improved visual acuity since the 
operation. 

Two others, at 24-year follow-ups, have retained the same gain, and ceased 
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to deteriorate. These patients have been maintained with no impairment of the 
usual parameters of metabolic or endocrine function. One is a female who has had 
normal menstrual cycle ever since the adrenalectomy was done in her 29th 
year. I have no reason to think that adrenalectomy in these patients has dis- 
turbed metabolic balance. Their insulin requirements have declined greatly in 
some, a little in others, not at all in one. 


Adrenalectomy and Retinopathy 


The question is still open as to whether or not this procedure modifies a proc- 
ess as advanced as retinitis proliferans. It is certainly debatable, if not doubtful, 
and most of us are skeptical that ablating an endocrine organ will succeed in 
arresting advanced retinitis proliferans. 

This leaves us on the horns of a dilemma. We don’t want to ablate an organ 
in a patient before it becomes absolutely necessary. But that leaves us with no 
therapeutic tool in the early stage where we especially have a need to select 
cases for intensive study and therapeutic trials. Perhaps “‘medical’’ adrenalec- 
tomy or “medical’’ hypophysectomy or some other reversible procedure can be 
tried over a long enough period of time to see what influence it has on the nat- 
ural course of this disease. 

I would like to close my remarks by asking Dr. Becker and the other ophthal- 
mologists if they could give us a plan for following these patients, grading 
their lesions, or using reproducible tests of ocular function to establish whether 
or not we are modifying the retinopathy. 

Leopold: Dr. Striker. 

Striker: As sort of an intellectual exercise, I went through the Ist to the 11th 
edition of Joslin’s treatment of diabetes, and the 1st to the 22nd edition of May’s 
treatment of the eyes, to find out what these two gentlemen had been saying 
about retinopathy. 

In the 5th edition of Joslin’s, under 1935, there is an interesting statement 
that the ocular complications in diabetes are frequent and distressing. This is 
Howard Root’s quote. 

Then he goes on to say that Waite and Beetham examined 2000 diabetics 
in New England at Deaconess Hospital with a control group of 457 nondiabetic 
eyes. 

I am sure this is unknown. I think it bears refreshing. From the MGH, a strik- 
ing difference between the diabetic and the nondiabetic being that the retina 
in the diabetic, the great frequency of retinal hemorrhage and relax exudate 
still has no explanation. 

One thing that is clear, and this is the point I wish to make, that the deep 
retinal hemorrhages of diabetes are not solely due to hypertension from renal 
sclerosis; 54 per cent of the retinal hemorrhages had systolic pressures under 160. 
The duration of the diabetes was associated with the retinal hemorrhages; 59 
per cent of the diabetics had diabetes over 15 years and retinal hemorrhages. 

In a study of 319 cases of retinal hemorrhages, 74 per cent had fasting blood 
sugars below 250 mg., and 13 per cent had blood sugars below 140 mg. There is an 
independence of blood sugar level and frequency of the retinal hemorrhage. 
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Then to proceed with Root’s statement, today, the prevention of the post- 
ponement of the lesions in the retina and kidney are the objective. The severity 
of the diabetes has been measured in many ways, but today severity appears to 
many students as the best indicated by the presence of vascular renal or retinal 
lesions. 

These changes developing in the young diabetic patient seem directly due to 
some disturbance which is the result of diabetes or associated with it. 

The disturbance is probably in functional relationship between insulin, other 
hormones, and enzyme systems—still sparring with the question. 

This may explain why the most skillful use of insulin, good diet, good hygiene 
and medical supervision, persistently followed, was prone to prevent such dia- 
betic complications. 

Then, when one proceeds through the 22nd edition of May’s, it is interesting to 
observe that the words “diabetic retinopathy” do not come into the literature 
as measured by the index that is in the book, until about 1930. 

Then, finally, I would like to look at one of the late textbooks of ophthalmology 
5th edition, 1953, by Francis H. Adler, University of Pennsylvania, which deals 
with prevention and treatment. 

One fact seems to be well established: The incidence of diabetic retinopathy 
depends primarily upon the duration of the diabetes and on its control. There 
can be no question that those diabetics who have been kept on a strict, rigid 
control, are less prone to diabetic retinopathy than those who have been lax in 
their control or placed under so-called free diet. 

As a conclusion, I would like to ask about the work of Lichtenstein, Larsson, 
Guess, and Tolstoi. 





Experimental Renal Lesions 


Leopold: Dr. Lazarow. 

Lazarow: Dr. Bloodworth, in your cortisone animal, you say you got a dila- 
tion of the capillaries; is this the first thing? Does this precede the others? Be- 
cause, you see, if this is true, this is very analogous to what you are postulating 
in terms of the retina. It may be the filling up, which is a secondary phenomenon. 

The second point I would like to bring out is that if you are attempting to 
reproduce this experiment in animals today, what dietary regimen would you 
use. Have you done this further with purified diet? One of the troubles is that 
anything you buy on the market is now mixed with the Aureomycin additives. 
: If someone wants to reproduce this condition today, how best could you do it? 
This may be quite important. 
) Bloodworth: You rarely see simple aneurysmal dilation of glomerular capil- 
| laries without seeing thrombosis in these cortisone-treated rabbits. 
. After seeing hundreds of rabbits under many conditions, I know that you 
¥ occasionally see dilation of glomerular capillaries, which has nothing to do with 
over-all treatment. I found one or two aneurysms in rabbits treated with corti- 
d sone, probably unrelated to the therapy. With cortisone the glomerular capil- 
n laries probably fill up and dilate at the same time. At least that seems to be the 
situation. I might add that the “cortisone” lesions occur in the early phase of 
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cortisone treatment. They reached their maximum in 21 to 40 days, and then 
decreased and disappeared. That is an important point. 

After 3 or 4 months of cortisone treatment, the rabbits show perfectly normal- 
looking glomeruli. Let me stress that even if this apparent capillary effect of 
cortisone be related to the capillary changes of diabetic retinopathy, still this 
does not indicate an association between retinal and renal lesions since the 
“cortisone” lesion is not the typical lesion of diabetes. 

If you wish to obtain “supplement-free” feed, the Eshelman Company is 
preparing for us a feed which contains none of this supplement, neither Aureo- 
mycin nor By. I am sure they would be willing to furnish it to you. In reply to 
Dr. Levine’s comments, I might add first, that I have seen about 6 cases of 
Cushing’s disease. Most of them were of relatively short duration, 1 or 2 years. 
I did not see any typical diabetic glomerulosclerosis. Secondly, I have seen many 
patients treated for long periods with cortisone. These are mostly patients with 
leukemia, which are seen in our clinic. Some of them have received as much as 
500 mg. a day of cortisone or similiar amounts of other corticoids for extended 
periods, as much as 2 or 3 years. We do not see anything comparable to Nodular 
diabetic glomerulosclerosis. We sometimes see diffuse thickening of the glomeru- 
lus, which is perhaps comparable to the ‘‘diffuse” diabetic glomerulosclerosis. On 
the other hand, this thickening is also compatible with diffuse glomerular 
thickening that we see in many other conditions. 

I recently reported the occurrence of diffuse glomerulosclerosis in cirrhosis. I 
found it was also present in syphilis. We were able to find a similar glomerular 
thickening in dogs treated with cortisone for about 2 years. 

Spargo: I would just like to comment that in the matter of glomerulosclerosis, 
interpretation is very difficult. It is well documented that there is continuing 
thickening of the basement membrane from the time we are born until we 
mature and reach old age, so that any interpretation as to what is a thickened 
capillary loop has to be taken in terms of the age of the patient and obviously 
numerous other things. 

As far as the dilation of the blood vessels with cortisone, I think this is a 
species of limited phenomena; certainly, in the rabbit it is associated with 
changes in the lipids. We have studied rats treated with large doses of cortisone 
over a period of a year and have not found anything similar. 

We did have the misfortune to produce overt diabetes after giving cortisone 
to a patient that was well studied. Perhaps I might mention a few of the details 
of this case. This patient had a 2-hour glucose tolerance 1 per cent blood sugar 
of 123 mg. per 100 ml. He was given 15 mg. of cortisone daily and developed 
overt diabetes. Renal biopsy before this therapy showed no nodular glomerular 
lesions. 

Following this, the patient became diabetic and required 30 units, NPH units, 
of insulin for control. Biopsy 3 months later showed fully developed nodular 
glomerular lesions. Later biopsy showed increased severity of that lesion. This 
case has remained overtly diabetic in contrast to those who may have a tempo- 
rary period of diabetes and then have it clear up. 

Leopold: Dr. Becker. 
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Becker: I had a couple of loose points to pick up. One is, we did review a series 
of patients with Cushing’s syndrome in the autopsy files of Johns Hopkins 
Hospital. The flat preparation of those retinas, as I recall them, was 4 out of 12 
showed capillary aneurysms. Those patients did have diabetes, but presumably 
related to their Cushing’s disease. 

With reference to Dr. Spargo’s comments, we have seen repeatedly patients 
receiving intensive steroid therapy develop a few capillary aneurysms about 
their macula. These disappear when therapy is stopped. One of the most dra- 
matic of these was a patient who was treated with steroid therapy for 3 years, 
and developed capillary aneurysms everywhere in both fundi. This occurred in the 
absence of diabetes, even by repeated glucose tolerance tests while on steroids. 
He died after a coronary, and we could confirm the typical picture of diabetic 
retinopathy on flat preparation of the retina. He did not show any renal lesions, 
however. 

We have seen a fair number of less dramatic cases. Fundus photographs demon- 
strate capillary aneurysms and their persistence. Thus the only experimental 
production of capillary aneurysms we have seen has been in man. 

I might also mention, in view of what has been said earlier, that 1 patient who 
developed advanced retinopathy without diabetes had a family history of dia- 
betes. His brother had diabetes. 

To return to experimental animals, we also have done a number of the things 
that Dr. Bloodworth has named, that is, we were able to show that we could 
increase the incidence of renal lesion by eliminating By and related things 
from the diet, but unable then to reduce that incidence by adding these back. 

All the things we know could be added back; this diet is very easy to make. 
You ask them to leave out the animal growth factor and the rest of the diet is 
easy. Just leave out one thing that is thrown into the vat and make up the rest 
in pellets in the same fashion that Purina is making for us now. We had it made 
in Baltimore without difficulty. 

Lazarow: You haven’t done it with a pure diet like nutritional biochemical, a 
known mixture of something which you could then— 

Becker: It has been only in the last 3 months we have been able to keep rabbits 
going on a synthetic diet. Rabbits are loath to eat synthetic diets. 

Hartroft: One sometimes has more success if one starts them on the semi- 
synthetic diet when they are very young. 

Becker: This is what we have been doing recently. Another point is that we 
have tried a number of other species and have been unable to produce either the 
renal lesions or the retinal lesions. We are well aware that other species would 
be much better for the study of retinal lesions, but not only have we been unsuc- 
cessful with retinal lesions, but have produced no renal lesions in other species. 

This raises another point that was brought up, and that is that the rabbit 
develops a very prompt and marked lipemia when given cortisone. One of the 
differences that occurs in rabbits on different diets is a variation in lipemia. The 
diet without this Aureomycin additive induces a much more intensive lipemia 
following cortisone than with the additive. 

We were able to demonstrate a close correlation between lipemia and the 
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renal lesion, and Rosen was able to administer heparin to animals and prevent 
lipemia of cortisone. Then they did not develop the renal lesion. 

With reference to the administration of cortisone to patients, I would like to 
hear what some others think about the report by Sommers on the appearance of 
glomerulus with ultraviolet microscopy. Material was found in the glomerulus 
which resembled that in the Kimmelstiel-Wilson lesion following administration 
of cortisone to any patient. 

Newell: Could I emphasize what Dr. Becker just said? We consistently in this 
meeting, I believe, have been describing renal lesions, sometimes studied with 
the electron microscope, with 10,000 diameter magnification, and then stating 
that there was no retinopathy which we have studied with 15 times magnifica- 
tion. 

Dr. Becker just described an interesting patient ophthalmologically without 
any ocular lesions. But with the microscope, wasn’t this true that an autopsy 
did have lesions? 

Becker: He had lesions ophthalmoscopically. 

Newell: Too bad. But the average microaneurysm is smaller than the resolving 
power of the ophthalmoscope. We see with the ophthalmoscope only the largest 
microaneurysms, and the majority of them are not visible with the ophthalmo- 
scope. 

Leopold: Now that Dr. Becker has been talking about the role of lipemia, 
I think this would be a good point for Dr. Hartroft to take off and lead us into 
the influence of dietary factors. 


Lipip METABOLISM 


Hartroft: What I have to say is perhaps in the nature of a digression from the 
subject of diabetic retinopathy except that some of us have long thought that 
disturbances of lipid metabolism may represent pathways to explore in connec- 
tion with retinopathy. We have seen lesions in rats that we think resemble those 
of Kimmelstiel-Wilson in animals in which we had produced profound changes 
in fat metabolism (choline deficiency). 

In Kimmelstiel-Wilson lesions in man, perhaps it has not been sufficiently 
emphasized that the periodic acid-Schiff positive material or hyaline contains 
just as much fat as protein or carbohydrate. 


Occlusive Arterial Thrombosis Induced by Dietary Means 


In our laboratories, Dr. R. M. O’Neal, Dr. W. A. Thomas, Dr. M. Suzuki, and 
I have been concerned for the past few years with another aspect of the cardio- 
vascular system in relation to lipid disorders, namely the production of occlusive 
arterial thromboses in hearts and kidneys of experimental animals by dietary 
means alone.* The thrombi which have been produced are found predominately 
in coronary and renal arteries. They resemble those encountered in man and 


*W.S. Hartroft, R. M. O’Neal, and W. A. Thomas: Fed. Proc., 18: (Part II) 36, 1959; 
W.S. Hartroft and W. A. Thomas: J.A.M.A., 164: 1899, 1957. 
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their appearances similarly depend upon the length of time elapsing between their 
formation and death of the animal. In recently formed thrombi, lines of Zahn 
are prominent but within a short time invasion by fibroblasts and macrophages 
produces a picture of organization. Although our evidence is incomplete we 
believe these invading cells may derive from vascular endothelium. The presence 
of large mural thrombi within the left ventricular chamber is a frequent oc- 
currence in the hearts in which infarcts are found. Intraventricular mural 
thromboses of this type have not been found associated with infarcts produced 
in this and other laboratories by simple surgical ligation of rats’ coronary arteries. 
These findings provide further support for our concept that the dietary regimen 
profoundly alters thrombotic and thrombolytic mechanisms in these rats. 

Further examples involving the vessels of the thyroid and other organs have 
been found in rats fed this basal ‘myocardial infarction producing” diet.* But 
the most important effect of the form of lipid disorder produced by this diet is 
on the thrombotic and thrombolytic mechanisms of the blood. Additional 
evidence to support this view has been provided in this laboratory because we 
have demonstrated with the thromboelastographt extreme prolongation in the 
time required for fibrinolysis of clotted blood obtained from rats fed the myo- 
cardial infarction-diet. With blood obtained from rats fed a modification of this 
diet in which corn oil had been substituted at the 40 per cent level for the butter, 
fibrinolytic times were within the same range obtained with blood from rats fed 
a complete semisynthetic food mixture. Thromboses and infarcts did not develop 
in vivo in any of the rats fed the corn oil-modification of the basal diet or in any 
of those given the normal semisynthetic food mixture. 

The myocardial and renal infarcts resulting from the ischemia produced by 
occlusive thromboses in coronary and renal arteries are associated in these experi- 
ments with only simple lipoidosis of the walls of the vessels rather than true 
intimal atheroma of the type Dr. Bronte-Stewart has studied. Indeed when the 
basic dietary regimen is manipulated by removal of the thiouracil so that the 
animals survive for periods longer (up to 1 year) than that of only the 2 to 4 
months when fed the basal diet, infarcts are few but mural arterial lesions are 
numerous and advanced even to the stage of true plaque formation.{ 
This relative, albeit not complete, dissociation of atheroma from occlusive 
thromboses with infarction in experimental animals may have its counterpart 
in man if current epidemiological studies continue in their present trend of 
results. Atheroma may be a pathogenic factor of some importance in arterial 
thromboses and infarction, but the occurrences of the two conditions may not be 
related at all or at best only by chance. Until evidence to the contrary is at hand, 
we believe progress in understanding heart disease may be more rapid if this 
hypothesis is borne in mind. 

Partly because of the intensive clinical preoccupation with levels of serum 
lipids, particularly of cholesterol, in patients with myocardial infarction, we have 

*R. M. O’Neal, W. A. Thomas, and W. S. Hartroft: Am. J. Cardiol., 3: 94, 1959. 


+ R. L. Tillman, R. M. O’Neal, and W. A. Thomas: Circulation Res., 8: 423, 1960. 
t R. M. O’Neal and W. S. Hartroft: Am. J. Path., May-June, 1960. 
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obtained similar data from our animal experiments.* In many respects the 
results are quite analogous to those for man. In repeated experiments{ one-third 
of the rats surviving this basic dietary regimen for 6 to 8 weeks, developed 
thromboses and infarcts during the third and fourth months of the experiment. 
But two-thirds fed exactly the same food-mixture failed to manifest any evi- 
dences of arterial thromboses even on gross and microscopic examination at 
autopsy. Although the lipid fractions (total lipids, total cholesterol, esterified 
cholesterol, free cholesterol, phospholipid, triglyceride) measured in the sera of 
rats fed the basal diet and that developed thromboses and infarcts were greatly 
elevated, none rose higher or more quickly in these animals than in the sera of 
the rats fed the same diet but which failed to develop thromboses and infarcts. 
These results indicate clearly to us that some constituent of the serum or blood 
other than those above must be found and measured to provide the correlation 
we seek with the onset and extent of thromboses. We are continuing our search 
and should we be successful with our animals, it will then be possible to hope the 
results might be diagnostically applicable to man. 

The diet employed in these experiments is admittedly unphysiological and a 
far cry from that ever consumed by man. But it produces lesions (thromboses 
and infarcts of hearts and kidneys) in the animals within a few months that in 
man take years to develop. We defend its use on these grounds. But the thera- 
peutic dietary regimen (“Sippy”) used in some cases for the treatment of peptic 
ulcers is high in saturated fats and contains appreciable amounts of exogenous 
cholesterol. Many of these patients remain on this diet for long periods—up to 
years. It seemed pertinent to examine the incidences, at autopsy, of coronary 
arterial thromboses with resultant myocardial infarction in patients with peptic 
ulcers in this country and in England treated by these regimens.t Control 
patients in whom ulcers were found at autopsy but who had been treated by 
means other than dietary were similarly studied. Additional control patients of 
similar ages, weights and sexes were selected from the same autopsy series’ for 
the time-periods whose histories failed to indicate the presence of peptic 
ulcers during life and in whom neither duodenal nor gastric ulceration was 
encountered at autopsy. Over twice as many myocardial infarcts were 
found at autopsy in those patients of both the American and English series’ 
that had received the Sippy-type diets than were found in patients of either the 
control group with ulcers (but no history of dietary treatment) or in the group 
without ulcers. The over-all low incidence of infarcts in the English patients 
confirms other studies indicating that cardiovascular disease in America is 
higher than in the British Isles. It is significant, however, that the ratios of the 
incidence of infarction in the patients treated by diet to that in either type of 
controls are identical in the two countries, being over twice as great in the former. 


*M. Suzuki and R. M. O’Neal: Fed. Proc., 19: 16, 1960; M. Suzuki, R. M. O’Neal, and 
W. A. Thomas: Fed. Proc., 18: 509, 1959. 

+ W. A. Thomas, W. 8S. Hartroft, and R. M. O’Neal: J. Nutrition, 69: 1959. 

tA. D. Briggs, M. L. Rubenberg, R. M. O’Neal, W. A. Thomas, and W. S. Hartroft: 
Circulation, 21: 538, 1960. 
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So, all we are saying is that this “Sippy” thing did give us these data. We are 
not saying anything more. 

Strisower: Dr. Leopold, if you feel there is time, I have some information on 
the relationships of diet to human serum lipoproteins, which I believe to be quite 
relevant to the present discussion. Dr. Gofman and his group at the Donner 
Laboratory have done a good deal of work on this subject and I would like to 
present a small fraction of this work which pertains to the relationship of lipo- 
proteins and diet. I also have data on the changes in serum lipoproteins observed 
in diabetes, controlled and uncontrolled, and the specific influence of insulin 
on lipoproteins in diabetic patients. 

Levine: In the rat, in which the infarcts have been produced, you say that a 
quarter to a third are on the high fat diet. The lipid levels do not correlate, 
whether or not you produce the infarct? 

Hartroft: Perhaps I can answer this way. If we compare lipid levels of rats 
fed variations of our diet containing different kinds of fat, corn oil or butter, 
etc., there are correspondingly great differences in the levels of blood lipids and 
an equally corresponding difference in the incidence of infarcts (lower in the corn 
oil-fed animals). 

To me, this is like comparing serum lipid levels and incidences of myocardial 
infarction in Guatemalans and New York executives. 

If, on the other hand, we compare serum lipids and incidences of infarcts in 
rats in the one group, all receiving the same myocardial infarction-producing 
diet, the animals that develop infarcts have no greater abnormality in their 
serum lipids than do those animals that failed to develop infarcts. 


Role of Genetic Constitution 


Levine: May I ask, then, in this group that you put on the best thrombosis- 
producing diet, or the worst. Are they all litter mates? If they are not, is there 
a way of testing the genetic factor, so to speak, possibly in the sense that you 
reserve litter mates of all of them and then see which ones have the infarct and 
get their respective brothers and sisters, because of the 25 to 30 per cent. 

Hartroft: They are Wistar strain albino rats from the Charles River Labora- 
tory. We don’t maintain our own breeding colony, so I cannot use litter-mates in 
the usual way. But these rats are, of course, a highly inbred strain. Further than 
this we have no control over their genetic constitution. 

Van Eck: How long do you need to keep them on this diet, before they develop 
these lesions? 

Hartroft: All rats initially weighed 110 to 120 gm. 

Van Eck: When did you see the infarcts? 

Hartroft: They were maintained on the diet for 4 to 5 months. Infarcts appear 
as early as the third and fourth month of the experiment, and many of the ani- 
mals die with infarcts. 

At the end of the fourth or fifth month we kill the survivor. We may find 
healed infarcts in these rats and the thrombi present in coronary or renal arteries 
exhibit some degree of organization. 
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Van Eck: The whole difference may be a question of time distribution. Perhaps 
you should continue the diet for a longer period. Some infarcts may develop 
later than others. 


INFLUENCE OF THIOURACIL, CHOLESTEROL, BILE SALTS, BUTTER, AND CORN 
OIL 


Hartroft: All these experiments are within the time period stated. We have in 
one instance continued them longer until nearly all rats died. Only an occasional 
infarct appeared after the fifth month. 

Van Eck: Is the dose of thiouracil you used enough to lower their thyroid 
function? 

Hartroft: In microsections, the thyroids present the classic picture associated 
with the effect of thiouracil. Reducing the amount in the diet to as little as 0.1 
per cent still gives us this effect. 

Van Eck: If you omit the thiouracil do you still get myocardial infarctions? 

Hartroft: If you recall, we consider there are at least four important ingredients 
in these diets: thiouracil, cholesterol, bile salt, and butter. 

We can take out any one of these four ingredients one by one and infarcts still 
occur, although not as many. 

We can completely protect the animals from infarcts by taking out any two 
of these four ingredients in any permutation or combination. 

The only item that we have added to the diet that will protect so far is the 
substitution of corn oil for butter (40 per cent). On the other hand, substituting 
cocoa butter for dairy butter results in an earlier appearance of infarcts (within 
the first 2 to 6 weeks). 

Strisower: The rationale for trying cocoa butter probably is that this is an 
exceptional vegetable oil, in that it contains saturated fatty acids rather than 
unsaturated fatty acids as do most other vegetable oils. 

Graef: Dr. Hartroft, I have seen that photomicrograph of the vessel saturated, 
dripping with grease. I have been puzzled by it. Is that lipid intracellular or 
extracellular in location. 

Hartroft: It is everywhere. 

Graef: What happens to the muscle? 

Hartroft: When arteries are packed with lipid in this manner every layer and 
apparently every cell and intercellular space is affected. 

Lipid does not coat the whole lengtn of the vessel. We cut serial sections to 
find the thrombi, and have plenty of opportunity to study lipid deposition at 
the same time. 

The fat is not deposited along the whole course of the artery. 

In electron microscopy the lipid appears most frequently within macrophages, 
so-called foam cells in the tissue. In the media, it may be within muscle cells; in 
the adventitia it may be found within fibroblasts. It is definitely within the 
cytoplasm of muscle cells when lipid is deposited in the media. 

Some investigators believe that smooth muscle cells are not phagocytic. 
This interpretation would imply that any stainable lipid found within them had 
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been synthesized by the muscle. I don’t agree with this concept. I think the evi- 
dence indicates that muscle can imbibe lipid in small forms readily. It has not 
been proved that such lipid necessarily had to be synthesized by the muscle. 

Graef: Is there a predilection for arteries in certain parts of the body for 
localization. 

Hartroft: Yes, the arteries occluded most frequently by thrombi are the 
coronaries and renals. We have never seen infarcts in lung, spleen or brain but 
they occur regularly in hearts and kidneys. 

Since I came here, I realized that somebody was bound to ask me if we had 
overlooked the retinal vessels. I spent two days trying to think how we could 
blame Dr. Becker for the fact that we have not, but I am sure it must be his 
fault. 


Role of Serum Lipoproteins 


Leopold: Dr. Strisower. 

Strisower: I was greatly interested in the comments of Dr. Hartroft, showing 
the experimental prouction of myocardial infarction in the rat by dietary means. 
This is of interest to me and to the group at the Donner Laboratory headed by 
Dr. Gofman, since they have been doing work in humans relating serum lipo- 
proteins to coronary artery disease and relating dietary factors to changes in 
serum lipoproteins. This latter work has been done by Nichols and Gofman, who 
showed specific effects of carbohydrate and saturated and unsaturated fats on 
the lipoprotein spectrum. These studies are of definite relevance here and I will 
present summarized data. 

I should like to start with the physical and chemical properties of serum lipo- 
proteins. These macromolecules, as you all know, circulate in the blood and are 
measured by their physical property of flotation in an ultracentrifugal field. The 
details of the technique need not concern us here other than to make the state- 
ment that under the proper experimental conditions these measurements have 
been found to be highly reproducible. 

A slide from the work of Dr. Gofman and Dr. Nichols shows the entire spec- 
trum of serum lipoproteins in human sera, classified by their flotation rate. 
There are 4 major subgroups: the S°f 0-12 lipoprotein, S°f 12-20 serum lipo- 
proteins, S°f 20-100, and S°f 100-400. To the right of the 0-12 peak there is 
another peak of the so-called “high density” serum lipoproteins, of which there 
are two major categories, called high density 2 and 3. To the right of this is a 
picture of the ultracentrifugal residue, consisting of serum proteins. Since they 
are denser than the medium they sediment rather than float, and produce an 
upright Schlieren diagram, as indicated schematically on the slide. On the bot- 
tom of the slide there are average concentrations of these lipoproteins for males 
age 45 to 50. The S°f 0-20 class is present in an average concentration of 364 mg. 
per 100 ml., and the S°f 20-400 in an average concentration of 260 mg. per 
100 ml. of serum; whereas the chylomicra and lipomicra, with flotation rates 
above S°f 400, are present in much smaller and more variable amounts from 
0-50 mg. per 100 ml. of serum. 
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Also shown on this slide is the continuous spectrum of molecular diameter, 
and you can see that the diameter of these lipoprotein molecules increases with 
the increase in their flotation rate; the diameter increases from approximately 
200 A for the S°f 0-20 lipoproteins to 700 A for the S°f 400 lipoprotein, and to 
diameters of 4000 A and larger up into the chylomicron range. The molecular 
weight, as may be expected, also increases with increasing diameter ranging from 
a few hundred thousand for the S°f 0-12 to the magnitude of 10" for the chylo- 
micr2. 

Another slide shows over-all chemical composition of serum lipoproteins as a 
function of their flotation rate. In general, as the flotation rate goes up the 
per cent, by weight, of lipid in the molecule increases and the weight per cent of 
protein decreases, such that the average amount of lipid material in the S°f 0-20 
lipoprotein class is approximately 75 per cent, 25 per cent being protein; there is 
87 per cent lipid in the S°f 20-400 fraction, and 95 per cent in the S°f 400—100,000 
lipoprotein molecules. The amount of cholesterol, however, decreases as total 
lipids in the molecule increase, and you can see here that cholesterol in the S°f 
0-20 is approximately 33 per cent by weight; whereas cholesterol in the S°f 20- 
400 is only about 12 to 15 per cent by weight, and in the chylomicron fraction 
approximately 2 to 5 per cent by weight (expressed as per cent of total concen- 
tration of the lipoprotein molecules measured). 

A little bit more detail about the composition of the lipid fraction of the lipo- 
protein molecules as a function of their flotation rates is shown in another slide. 
The slide shows that S°f 0-20 lipoprotein classes have relatively more cholesterol 
than the S°f 20-400 classes; and these in turn have more cholesterol than the 
chylomicra. There is a smooth transition in cholesterol content, decreasing with 
increasing flotation rate. A trend in the reverse direction, causing an increase in 
the total amount of glyceride present, occurs in the higher flotation rate. The 
slide also shows that with increasing flotation rate the amount of lipid in the 
molecule increases and the amount of protein decreases. 





DISTRIBUTION AND RELATIONSHIP TO CORONARY ARTERY DISEASE 


Electron photomicrographs of isolated human serum lipoproteins of flotation 
rates are indicated on a slide done by Tom Hayes of the group at Donner Labora- 
tory. It shows generally spheroid lipoprotein molecules of various S°f classes. 
This, of course, constitutes strong evidence for the existence of the molecules as 
actual, circulating blood entities. Comprehensive studies concerning lipoprotein 
concentrations in normal American poplations have been done as well as in 
populations part of which have later developed coronary disease. From these 
studies extensive statistical data were derived showing that serum lipoproteins 
and cholesterol levels tend to be elevated in advance of the appearance of clinical 
coronary artery disease. There is general agreement on this point; however, 
controversy exists as to whether or not serum lipoprotein measurements are of 
greater value in predicting coronary artery disease in individual patients and 
groups as compared to other lipid measurements. A comprehensive public health 
study on 4000 initially normal individuals, carried over several years, has re- 
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sulted in a report by this cooperative study group, in Circulation, October, 1956. 
Unfortunately, the conclusion of the study group was that serum lipoprotein 
measurements are in no way superior to cholesterol measurements in predicting 
coronary artery disease. We believe this to be a grave error, the result of in- 
adequate measurements of serum lipoprotein concentrations by the cooperating 
laboratories, which measured only one or two lipoprotein fractions, and in addi- 
tion had refused to make certain physicochemical corrections necessary to ac- 
count for the self-slowing of serum lipoproteins in an ultracentrifugal field. It 
had been shown by Gofman that failure to make the well known and so-clled 
“S versus C” correction as well as a correction for an associated effect called the 
“Ogston-Johnson correction” could result in errors in measurement of 100 per 
cent or even greater. For this reason, the group headed by Gofman appended a 
separate discussion of the results of this study, in which they detailed the reasons 
for the discrepancy in measurements and also showed that serum lipoprotein 
concentrations, when properly measured with corrections for well known physico- 
chemical effects included, are more discriminatory in predicting coronary artery 
disease occurrence in clinically healthy individuals than are cholesterol measure- 
ments. This is not the place to go into detail on this subject, but I just wish to 
present briefly the type of information which was derived in this study. 

Lipoprotein concentrations were studied in groups of male patients who have 
sustained a myocardial infarction, as compared to normal individuals of the 
same age who are clinically healthy. The average ages of both the myocardial 
infarction group and the control group was 44.5 years. The S°f 0-12, S°f 12-20, 
S°f 20-100, and S°f 100-400 serum lipoprotein concentrations are each consider- 
ably elevated in the groups that have had the infarction. 


INFLUENCE OF HYPERTENSION, SMOKING, HEPARIN, DIET, AND INSULIN 


The question was raised as to whether or not infarction itself may not produce 
such an elevation in lipoprotein. To answer this extremely important question, 
the large-scale study previously mentioned was undertaken and lipoprotein 
measurements were evaluated in a group of over 4000 male subjects who have 
been followed up from 1 to 3 years, and who were all in clinical health at the 
average age of 45, at the initiation of the study. Of this group in the interval 
stated, 26 instances of de novo, proved myocardial infarction occurred. Serum 
lipoprotein levels were average concentration in both groups 1 to 3 years before 
the event of myocardial infarction. The elevations in the S°f 0-12, S°f 12-20, 
S°f 20-100, and S°f 100-400 levels were present long before any clinical evidence 
of coronary artery disease could be obtained by physical examination, electro- 
cardiogram, chest x-ray, and complete medical evaluation. Statistically highly 
significant elevations are noticed in the S°f 12-20 fraction, the S°f 0-12, and 
the S°f 20-100 fractions, and, of course, in the atherogenic index, which is a 
composite of all these fractions. Extensive studies have shown that serum lipo- 
protein concentrations in an individual change with time in a well established 
function depending on the sex of the individual; that is, an individual within a 
given age group tends to retain his relative rank to other members of his age 
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group with respect to lipoprotein concentration. From this fact and other statis- 
tical calculations, a table has been derived, which shows the relative probability, 
in a statistical sense, of expected death due to myocardial infarction at varying 
periods of time based on the age of the individual and on his lipoprotein concen- 
trations. The full development of this concept and a great deal of supporting 
evidence is contained in Gofman’s recent book on coronary heart disease. The 
general body of evidence linking elevation of serum lipids to coronary artery 
disease as developed in detail by Dr. Gofman is summarized as follows: (1) 
Serum lipoprotein levels are elevated following myocardial infarction. (2) This 
elevation has been shown to be present before infarction and indeed several 
years before such overt clinical disease occurs. (3) Studies have shown that 
hypertension is an independent factor increasing the statistical risk of coronary 
artery disease, and that this is so far the only factor independent of serum lipids 
which can be shown to be so related to the incidence of coronary artery disease. 
(4) Family history of heart disease is associated with a statistically highly signifi- 
cant increase in serum lipoproteins. This was shown in a study by Gofman and 
associates involving nearly 900 men, aged 30 to 39, whose lipoproteins and 
family histories were studied. (5) Age and sex trends of overt coronary artery 
disease incidence can be represented by curves which resemble closely those ob- 
tained by plotting accumulated atherogenic index units as a function of age and 
sex. (6) A number of factors known to be associated with an increased incidence 
of coronary artery disease has been found by detailed studies to be similarly 
associated with an increase in serum lipoproteins. Overweight, for example, is 
associated with an excess risk of coronary heart disease and this risk is quanti- 
tatively accounted for by the average elevation in serum lipoproteins and blood 
pressure found in individuals with varying degrees of obesity. (7) Certain disease 
states characterized by highly elevated serum lipid concentrations are well known 
to be associated with an increased incidence of coronary heart disease. Experi- 
mental production of atherosclerosis has been quite successful by dietary manip- 
ulations as well as hormonal administration designed to raise serum lipids 
drastically; and, conversely, following the development of experimental athero- 
mas, these lesions can be reversed and made to regress when the factors causing 
elevated serum lipids, such as diet and hormonal factors, e.g., deficiency of 
thyroid hormone, are reversed. (9) Cigarette smoking has been shown to be ac- 
companied by an increased risk of coronary heart disease, and this risk is quan- 
titatively accounted for by the average elevation observed in atherogenic index 
and blood pressure. (10) Xanthomatous lesions associated with intimal athero- 
sclerosis have been shown to decrease in all of 15 patients whose serum lipopro- 
teins have been significantly decreased by appropriate therapy. (11) A controlled 
study by Engelberg employing heparin has shown that in a group of 200 patients 
with myocardial infarction, administration of heparin sufficient to lower serum 
lipids but insufficient to produce sustained anticoagulant effect resulted in a 
3-fold decrease in the recurrence of myocardial infarction and severe angina. 
Measurement of an individual patient’s or a normal person’s serum lipoproteins 
is important from the point of view of detecting and selecting individuals with 




















CONFERENCE ON DIABETIC RETINOPATHY 573 


a high risk of coronary artery disease at a time when no clinical evidence for this 
pathological process is otherwise derivable. In another sense, measurement of 
lipoproteins is also important, in that a number of lipid disorders have quite 
characteristic serum lipoprotein distribution defects, many of which are diag- 
nostic by lipoprotein measurements alone. Furthermore, dietary manipulations 
such as increase in the carbohydrate of the diet or in saturated fats keeping the 
diet isocaloric otherwise by proper protein supplements, has been shown to 
produce quite specific effects on various portions of the lipoprotein spectrum. In 
addition, disease states such as myxedema produce a very specific lipoprotein 
abnormality which is diagnostic and which is rapidly reversible by thyroid 
hormone administration. Heparin, another agent affecting lipoproteins, causes a 
lowering in lipoprotein concentrations in an entirely different part of the lipo- 
protein spectrum. 

It is obvious, therefore, that knowledge of the lipoprotein distribution prior 
to treatment is essential for the proper and intelligent choice of a therapeutic 
agent designed to lower serum lipoprotein concentrations, whether this agent be 
diet, thyroid, heparin, or other more recently discovered agents. 

A carefully controlled, long term study of the effect of dietary constituents on 
human serum lipoproteins was done on a small group of volunteers at Donner 
Laboratory by Nichols, Dobbins, and Gofman. A group of 5 volunteers par- 
ticipated in this study, which lasted from 50 to approximately 100 weeks. During 
this period all volunteers had all their meals except for a specially designed 
breakfast in the diet kitchen of the university hospital; their food was prepared 
by the chief dietician and the exact amounts ingested and rejected were known. 
Diets high in animal fat, diets very low in fat and high in carbohydrate, and 
diets high in vegetable (i.e., unsaturated) fats were studied. Blood samples for 
serum lipoprotein analyses were taken at frequent intervals, before the beginning 
of the studies, and 12 duplicate samples were drawn in each of several 12-week 
periods during which the volunteers were on a particular diet. Large amounts 
of data of statistical significance were derived. 

A diet very high in animal fat, containing 95 per cent of animal fat, has re- 
sulted in all volunteers in high S°f 0-12 and S°f 12-20 lipoprotein concentrations; 
whereas the S°f 20-100 and S°f 100-400 fractions are not different in concentra- 
tion from those observed while the same volunteers were on a high vegetable oil 
diet. On the other hand, when these individuals were put on a very low fat diet, 
the diet. remaining isocaloric due to a greatly increased carbohydrate intake, a 
large drop in S°f 0-12 and S°f 12-20 standard lipoprotein concentration was 
observed, as well as an increase in the S°f 20-100 and particularly the S°f 100- 
400 fractions. The S°f 0-12 and S°f 12-20 concentrations are no different from 
those observed on a high vegetable oil diet; whereas the S°f 20-100 and S°f 
100-400 fractions were much higher on the high carbohydrate diet than these 
classes were on the low carbohydrate-high vegetable oil diet. These data allow 
the following generalizations to be made: (1) Serum lipoproteins and, therefore, 
serum cholesterol levels tend to be high on a diet high in saturated fatty acids, 
due to elevation of S°f 0-12 and S°f 12-20 lipoprotein concentrations. Restric- 
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tion of saturated fat intake lowers these same lipoprotein classes markedly, re- 
gardless of whether or not large amounts of unsaturated fats are ingested. (2) 
A decrease in the S°f 0-12 and S°f 12-20 serum lipoprotein classes is obtained 
by reduction of the total fat intake in the diet regardless of whether or not carbo- 
hydrate intake is low or high. (3) A high carbohydrate diet produces an elevation 
specifically in the S°f 20-400 fraction. From this and certain ancillary observa- 
tions it has become clear that carbohydrates specifically elevate the S°f 20-400 
fraction; whereas saturated fatty acids specifically elevate the S°f 0-20 lipopro- 
tein fraction; furthermore, the effect of unsaturated fatty acids is indirect in the 
sense that lowering of the initially high S°f 0-20 levels is accomplished by 
absence of the saturated fatty acids rather than by a specific effect of the un- 
saturated fatty acids. Were this not so, one would expect a diet very low in 
unsaturated fatty acids, such as the one containing only 18 gm. of total fat, to 
produce high S°f 0-20 levels. This is definitely not the case. 

In summary, then, saturated fatty acids elevate S°f 0-20 lipoproteins; un- 
saturated fatty acids have no specific effect, and carbohydrate elevates the S°f 
20-400 fraction. Conversely, a diet low in carbohydrate can be expected to lower 
the S°f 20-400 fraction and a diet low in saturated fats can be expected to lower 
the S°f 0-20 fraction. 

The practical implications of these studies are that, knowing the lipoprotein 
distribution in an individual patient, an elevated S°f 20-400 fraction can be 
readily lowered by decreasing the dietary intake of carbohydrate; and elevated 
S°f 0-20 fraction can be likewise reduced by restriction of animal fat intake. 
Indeed, the exact amount of restriction in carbohydrate or fat or both necessary 
to accomplish a specific quantitative decrease in the average patient can be 
readily calculated from the initial serum lipoprotein distribution. Thus, with- 
drawal of a gram of fat lowers the S°f 0-12 fraction by 1.3 mg. per 100 ml. and 
the S°f 12-20 fraction by 0.25 mg. per 100 ml. on the average. A gram of dietary 
carbohydrate similarly has a specific quantitative effect on the S°f 20-400 frac- 
tion; simple calculation will show the average reduction in dietary carbohydrate 
or saturated fat or both necessary to tailor-make a particular lipoprotein pattern 
starting with any initial abnormal pattern. 

I would like to review the nature of serum lipoprotein changes found in diabetic 
acidosis as well as some information showing what effect insulin has on serum 
lipoproteins in diabetic, nonacidotic patients. 

Several patients who were admitted to the hospital were in diabetic acidosis. 
The lipoprotein alterations were extremely profound in that the S°f 100-400 
fraction was enormously elevated, as is the S°f 20-100 fraction; whereas only a 
small change is seen in the S°f 12-20 fraction, with the S°f 0-12 fraction showing 
a marked decrease below normal level. It has been found that treatment of 
diabetic acidosis with insulin, fluids, etc., which results in improvement of the 
ketoacidosis, is associated with a normalization of the lipoprotein pattern. 

There is considerable practical and academic interest in the question, whether 
or not rigid control of diabetes with insulin produces changes in the serum lipo- 
protein pattern as compared to loose control during which patients are allowed 
to “spill” some sugar in the urine and are allowed a moderate hyperglycemia but 
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do not reach severe hyperglycemia or even minimal ketoacidosis. A controlled 
study to answer this question was undertaken, in which 17 hospitalized schizo- 
phrenic patients were studied over prolonged periods during which over 300 blood 
samples were obtained, during alternating periods of rigid control and moderate 
decontrol of the diabetic state. A considerable amount of data was obtained 
covering approximately 500 patient-weeks of study. 

Rigid control of diabetes in these patients was accompanied by a significant 
decrease in their S°f 0-12 lipoprotein fractions, and a smaller decrease in the 
S°f 20-100 and S°f 100-400 fractions. The S°f 12-20 fraction was not significantly 
affected. Also lowered were the serum cholesterol and, of course, the atherogenic 
index, reflecting a composite measure of serum lipoprotein changes. The mean 
fasting blood sugar during the periods of rigid insulin control was 105 mg. per 
100 ml., compared to 191 mg. per 100 ml. during the periods of decontrol. The 
average insulin dosage during control was 49 units as compared to 13 units 
during the decontrol periods. As the group of patients studied was quite old, 
ranging in age from 43 to 87 years, the question arose as to whether the observed 
effects were age-dependent. To answer this question the group studied was 
separated into an “old” group and a “‘young” group. The average age of the 
“old” group was 70.6 years, ranging from 60 to 87 years; whereas the “‘young” 
group had a mean age of 48 years with a range of 43 to 58 years. The drop in 
S°f 0-12 lipoprotein concentrations produced by rigid control of the diabetic 
state with insulin was markedly greater in the young group than in the old 
group, the difference between the groups being highly significant statistically. 
The atherogenic index also was lowered more in the younger group than in the 
older group, as was the average cholesterol level. These results cannot be as- 
cribed to greater amounts of insulin used in the old group, or to greater drops 
in blood sugar in the old group, as those two changes were comparable in both 
groups. The practical significance of these findings relates to the biochemical 
basis they provide for the assertion that the diabetic state should be well con- 
trolled rather than loosely controlled. Because of the statistical association of 
elevated lipoproteins and atherogenic index values with increased risk of coro- 
nary artery disease, long term careful control of the diabetic state should reduce 
the mortality from coronary artery disease. The study shows that such applies 
particularly to younger diabetic patients, in whom a greater reduction in serum 
lipoprotein levels and atherogenic index may be expected. As coronary athero- 
genesis is a cumulative, time-integrated process, a chance for slowing, stopping, or 
perhaps even reversing this process may exist. 


Stupies oF Diapetic Rats (LonG-Evans Srrain) 


Leopold: Dr. Janes. 

Janes: My work is concerned chiefly with studies on diabetic rats of the Long- 
Evans strain. We have studied the kidneys and eyes of probably 250 rats with 
9 severe uncontrolled chronic diubetes. These animals had blood sugar values 
ranging from 250 to 1000 mg. per 100 ml. and some had had the disease for as 
long as 11% years. 
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In the part of the study on the rat’s eye one of the problems that confronted 
us originally was that the vascular pattern, other than from the retina, had never 
been worked out. There are from 5 to 7 pairs of retinal arteries and veins. 

We have seen no evidence of a true diabetic retinopathy in this animal. How- 
ever, there is some difference in the retinal vessels in the severe, chronic diabetic 
when they are injected with neoprene latex. If latex is injected under 10 pounds 
of pressure in the normal rat, the arteries, capillaries and veins are usually filled 
with this opaque medium. In the chronic diabetic the arteries are filled but 
usually only a few arterioles and capillaries are pervious to this material. This 
indicates that something is happening to the retinal vessels of the diabetic ani- 
mal. Whether arteriosclerotic changes are cutting down the volume of latex that 
may reach the retinal vascular tree, or whether there is some defect in the capil- 
lary bed which prevents the latex from entering the veins, is not clear. 

One pathological finding in the eye of the diabetic rat, other than the usual 
cataracts, are hemorrhages into the anterior chamber. In order for this to occur 
the rats must be severely diabetic for at least 6 months, and when it occurs the 
eye shows evidence of exophthalmia. Initially there is no clotting and, even with 
the naked eye, it is possible to see the level of red blood cells as they settle out 
from the plasma. Later there is an organization of the clot. We have not seen 
any other reports of people finding this hemorrhage. 

Lazarow: How often do you see these hemorrhages? 

Janes: I think I have seen them in about 40 rats, out of 250 animals studied. 
This involves the study of many more rats, however, because with the uncon- 
trolled alloxan diabetes, the mortality rate is rather high. 

Within a couple of weeks following the hemorrhage certain other pathological 
findings are noted. There is an organization of the clot with blood vessels growing 
into the anterior chamber. A secondary pupillary membrane is usually present 
and marked vascularization of the cornea is found. In certain instances the 
bleeding will stop and blood is reabsorbed; in other instances, bleeding will con- 
tinue and eventually the cornea breaks down and the contents of the eye are 
extruded. 

We have attempted to determine which vessels are bleeding. After blood is 
found in the anterior chamber, in no instance has it been possible to find any 
open vessels. In one rat, in which the eye vessels were injected with India ink, 
we found what appeared to be an aneurysm near the termination of the major 
arterial circle. 

Lukens: On a capillary or arteriole? 

Janes: I can’t tell you. It is certainly not a capillary and apparently it is on a 
terminal branch from the major arteriole circle. One interesting finding in this 
study is that blood has never been found in the posterior or vitreous chambers. 

In our studies we have attempted to see if it is possible to correlate eye changes 
with kidney pathology in the diabetic rat. The first thing that shows up in the 
eye of the diabetic animals is the appearance of cataracts. In fact there is a good 
correlation between the opacity of the lens and the severity of the diabetes. Rats 
may have mature cataracts in 3 to 4 months. 

The kidneys we have studied have been from diabetic rats of the Long-Evans 
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strain. After the animals have been severely diabetic for 4 to 5 months, one 
might say that there are microaneurysms in the glomerular capillaries, but 
probably these are nothing more than dilated capillaries, Occasionally there 
appears to be a complete atrophy or destruction of glomeruli. In such instances 
there is a marked thickening of the parietal layer of Bowman’s membrane. Other 
times there is a diffuse lesion of the glomerulus. In some cases we have found 
lesions which are similar to the Kimmelstiel-Wilson lesion found in the human. 

Lazarow: What is the history of this rat? 

Janes: Severely diabetic, hemorrhage into the anterior chamber of the eye. 
This animal was diabetic for 9 months. 

Hartroft: Was this animal fed a normal diet? 

Janes: Yes, it was fed a normal diet. We have used both a synthetic diet, with- 
out roughage, and either Rockland or Purina diets. As far as these diets are 
concerned we have found no differences as to the appearance of eye or kidney 
lesions. Occasionally one glomerulus may show a diffuse lesion on one side; a 
nodular type on the other. 

Van Eck: What stains have you used? 

Janes: I have used either allochrome or Masson’s stain. The chemical nature 
of the pathological glomeruli cannot be ascertained with these stains, but cer- 
tainly the bluish staining material in the glomeruli is not collagen. 

Because of the possible relationship between certain adrenocortical com- 
pounds and lesions in the eye and kidney in diabetics, we have treated some 
diabetic rats by injection with certain of these compounds. 

One series of rats was treated daily by injection with 0.2 mg. of Meticorten 
for up to 40 days. This treatment did not seem to cause further alteration in the 
kidney glomeruli, but we did find, in many instances, thrombi in veins in the 
kidneys as well as in other organs in the body. Cortisone or desoxycorticosterone 
acetate apparently did not cause the formation of thrombi. These adrenocortical 
compounds did not appear to alter the eyes in any respect. 

We have studied the kidneys from one human being who received 100 to 200 
mg. of cortisone per day for nearly 2 years. This patient had a breast carcinoma 
that had metastasized to the vertebral column. The kidneys were essentially 
normal. 

In addition we have studied a series of rats that were hypophysectomized and 
then made diabetic with alloxan. Although the blood sugar never reached levels 
much higher than 150 mg., per 100 ml., within 6 months all had cataracts; 
except for this change the eyes and kidneys were essentially normal. 

To summarize our work very briefly, we have found no evidence of diabetic 
retinopathy in the rat. Some defect occurs in the retinal vessels of old diabetic 
animals, however, because they fail to fill properly with neoprene latex. Between 
12 to 15 per cent of the animals that have been diabetic up to 114 years have 
spontaneous hemorrhages into the anterior chamber of the eye. This results in 
considerable pathology in the anterior chamber, iris and cornea. The kidney 
glomeruli show varying grades of pathology; in some instances the lesion re- 
sembled the Kimmelstiel-Wilson type. The adrenocortical compounds studied 
did not influence the progression of kidney or eye lesions in the diabetic rat. 
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INFLUENCE OF Fat-FREE Diet ON RETINOPATHY 

Leopold: Dr. Van Eck. 

Van Eck: What I am going to report here pertains to observations on patients 
with diabetes and retinopathy. 

The finding of high serum lipids and a retinopathy consisting mostly of large 
waxy exudates, in a patient with diabetes, made me wonder whether this was a 
coincidental occurrence or a causal relationship. The patient was then given a 
low-fat diet, containing less than 20 gm. of triglycerides per day. Following this 
regime, her serum lipids decreased to normal values and the retinopathy im- 
proved markedly; after approximately 2 years of this strict low-fat diet, all 
retinal exudates had disappeared. 

These results encouraged me to follow a small group of diabetics, 12 patients 
in all, in a similar way. All patients had retinopathy, manifested by exudates, 
microaneurysms and retinal hemorrhages. In some patients the vascular changes 
predominated, in others the exudates were the most marked abnormality. All 
patients had elevation of their serum lipids, either of the cholesterol fractions or 
of the triglycerides. Serial lipid studies were obtained, 10 to 12 specimens being 
analyzed during 1 day for total and free cholesterol, total fatty acids and lipid- 
phosphor. The triglycerides were calculated from these data. The patients were 
then given a low-fat diet consisting of 80 gm. of protein, less than 20 gm. of fat, 
and the necessary amount of carbohydrates to cover their caloric needs. It was 
attempted, and for the most part successfully, to keep the body weight of the 
patients stable throughout the observation period. The serum lipids were studied 
monthly, and serial lipid curves were obtained, with intervals of 3 to 6 months, 
whenever possible. The reason for serial lipid curves (that is, multiple determi- 
nations of serum lipids throughout the day) was our suspicion that the post- 
prandial values would give very incomplete information about what actually was 
happening to the serum lipids during the day; and indeed, in diabetics on a 
regular diet, considerable changes in both triglycerides and cholesterol values 
during the day could often be noticed. In addition, the fasting lipid levels were 
nearly always considerably lower than any other value of the same lipid fraction 
later in that day. The fact that these higher values were not always present as 
peaks may be due to the 2-hour interval between the blood withdrawals as well 
as to the difference in gastric emptying, especially in the presence of meals rich 
in fats. 

After the patients had followed the low-fat diet for a period of several weeks, 
these daily fluctuations were no longer apparent; in fact, for the most part, the 
curves would take on a nearly flat shape, although in some patients differences 
would persist. 

In all patients treated this way, a drop of the serum lipids to normal or even 
subnormal levels has been obtained and maintained for the period of observation, 
which so far exceeds 2 years in all cases here reported, with some going on for 4 
and 5 years. 

It must be stated, however, that the drop in serum lipids would not manifest 
itself immediately following the institution of a low-fat diet; to the contrary, it 
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usually took 4 or even 6 weeks, during which time a gradual lowering of the 
elevated serum lipid fraction or fractions was observed. This has, I think, some 
theoretical importance. It could, for instance, not possibly be that the lowering 
of serum lipids obtained with our diet was caused by the diminished intake and 
transport per se, for in that case an immediate drop of these serum lipid fractions 
could be expected. It seems that the reduced intake and absorption of lipids in 
some way direct the level of circulating lipids, perhaps by influencing the mobili- 
zation of fats from the depots. 

Parallel with these lipid studies, fundus photographs were taken, approxi- 
mately every 3 months. In all patients with large or numerous exudates a gradual 
decrease in size and number was noticed, up to the point of complete disappear- 
ance. In patients who had only a few small exudates, the results were obviously 
less impressive. In no patients did new large exudates develop during the years 
of observation, as long as they stayed on the low-fat diet. Vascular changes, 
namely microaneurysms and retinal hemorrhages, did not always parallel the 
disappearance of the exudates, although in a few patients a striking improvement 
of the vascular abnormalities was noticed. One patient, who tended to bleedings 
in the vitreous body, did not benefit from this diet, although the white exudates 
decreased in size. But even in her case, no further deterioration of the fundi 
occurred. Exogenous insulin did not seem to be important, in that the same 
changes could be observed in patients who used insulin as in patients who were 
controlled with diet alone. The amazing thing is that isocaloric exchange of fat 
with carbohydrates was possible without changing the dose of insulin, or even 
without the need of inaugurating insulin treatment if the patients could be con- 
trolled by diet alone before the change to the low-fat diet. 

Observations of a similar nature had been made previously by Kempner and 
co-workers* with their so-called rice diet; their work has been recently summa- 
rized. It is very probable that his results are due to the low-fat content of his 
diet, rather than to the other differences in composition. 

Very little has been said in this conference so far about the so-called retinal 
exudates; all the attention has been focused on the microaneurysms. Yet the 
diabetic retinopathy has two components, the vascular abnormalities and the 
exudates, and although both components are usually present in each case of 
retinopathy, doubtless either one can largely prevail in any given patient. It is 
at present thought that the exudates represent either lipid-laden microglia from 
phagocytized neurons or fatty degeneration and swelling of the damaged neurons. 
In both instances it would be rather surprising if serum lipid levels had anything 
to do with the genesis of these exudates. A minority of the exudates might still 
be formed from lipids that remain after a retinal hemorrhage. 

I want to make a few remarks about the selection of the patients. The low-fat 
diet is a difficult one to follow, especially for several years. I take, therefore, only 


*W. Kempner, R. L. Peschel, and C. Schlayer: Effect of rice diet on diabetes mellitus 
associated with vascular disease. Postgrad. Med., 24: 359-371, 1958. 

1 I discussed this in a Letter to the Editor, published in the New England J. Med., 26: 
July 7, 1960. 








580 SURVEY OF OPHTHALMOLOGY 


those patients who seem reliable and intelligent enough to submit to this diet, 
A close check is kept, first by weekly clinic visits, later by monthly visits. Rela- 
tives are instructed to report to me dietary errors and are requested to encourage 
patients to adhere to the diet. Without close supervision one can be fairly certain 
that the patients will not follow the diet for any length of time, even if they state 
that they do. In other words, this is not a very practical way of treating diabetic 
retinopathy. We tried this low-fat diet only to see whether it would have any 
effect, and it has. 

Changes of the retina are one thing; the lipid changes, on the other hand, are 
something else. I am certain that the low-fat diet causes the elevated serum lipids 
in diabetics to drop to normal levels. Whether it also is responsible for the im- 
provement of the retinopathy I do not know, but I think it is likely, although 
the mechanism through which this works is elusive. 

Lukens: Dr. Van Eck, I have read your article with great care; however, I 
have not yet discovered any statement from you about the changes in visual 
acuity in connection with this. 

Van Eck: Well, that is a point that I avoided on purpose. Patients can have 
marked diabetic retinopathy with numerous microaneurysms and exudates 
without disturbed vision, as long as the macula remains normal. Therefore, if I 
should take a criterion as vague as vision, I really would not have an objective 
measurement for the degree of retinopathy. 

Lukens: Excuse me. You are answering this from a different angle. Many 
people have a lot of retinopathy and little or no impairment of vision; but have 
you had somebody who did have impairment of vision that had much improve- 
ment? 

Van Eck: I had a few patients who were not able to read headlines in news- 
papers, and who later on could read the newspaper itself, or watch television. 
I had 1 patient in that category who could eventually thread a needle. So, there 
are a few cases where there was tremendous improvement in vision. 

Lukens: That, I think, is important to the patients. 

Levine: Dr. Van Eck, if some of these people had microaneurysms, did they 
also recede? 

Van Eck: That was the second point. I had a few cases where not only the 
exudate, but also the microaneurysm was bleeding. My ignorance was so pro- 
found I couldn’t even distinguish a microaneurysm from a very tiny hemor- 
rhage. I see that even ophthalmologists don’t know always. Anyway, in some 
patients, both would disappear. 

However, there are other cases where I have seen those microhemorrhages, as 
I call them, reappear in—I won’t use the word ‘“‘showers’”—periods, sometimes 
several of them. Yet I didn’t see the exudates come back. 

I thought those two phenomena were not necessarily related, although I must 
admit that in two or three patients, I didn’t see either of them. 

Striker: It may not be appropriate to bring in psychiatry at this point but I 
think I am correct in stating that there has been reported some changes in 
blood lipids in a group of auditors, bookkeepers, and income tax experts when 














ta 


Ss ™ 
















CONFERENCE ON DIABETIC RETINOPATHY 581 


they were under the pressure of preparing income tax reports. After the pressure 
had been relieved a recheck revealed a diminution in the blood lipid concen- 
tration. 

In view of this I wonder whether you, Dr. Van Eck, have a control period for 
your patients. It may be that you are demonstrating an unusual amount of 
sympathetic interest and there is always the question of emotional stress upon 
metabolic equilibrium. 

Van Eck: Yes. This is, of course, the question I was waiting for. In the be- 
ginning of my observations I did not use any prolonged baseline studies before 
changing the patient to a low-fat diet. However, most of these patients, previous 
to this special dietary treatment, had been followed for considerable periods of 
time in the same clinic with satisfactory control of their glycosuria and with an 
adequate diet. 

Certainly, serum lipids go up with all kinds of emotional stress, but they 
never come even close to the differences that can be obtained with a low-fat 
diet. Patients with a total cholesterol of 350 mg. per 100 ml. go down to 200 
mg. per 100 ml. or less. Such variations, to my knowledge, have never been seen 
under the influence of physical or emotional stress. This last year I have been 
following some patients carefully for prolonged periods, extending the same close 
attention and seeing them just as often as I did those who were following the 
low-fat diet without, however, changing their diet in any respect. In such patients 
no drop in serum lipids could be seen at all until a low-fat diet was finally insti- 
tuted. 

As far as the retinopathy is concerned, spontaneous regression of exudates has 
been described, but apparently it occurs only in a low percentage of patients. 
More observations will be needed to warrant a definite statement that the im- 
provements seen after a low-fat diet are much more frequent than such chance 
occurrences. An ideal set-up would obviously be to treat diabetics alternately 
with an average and a low-fat diet and compare the results. This requires a 
better organization and more patients and technical help than I could possibly 
muster. 

Strisower: I would like to ask two questions of Dr. Van Eck. (1) With regard 
to the 20-gm fat diet: This is a diet very low in fat content and I should like to 
know a little bit about such a diet. From a practical point of view, it is not an 
easy diet to prepare, and if it could be made palatable it would be nice to know 
if such a diet were available. I would also like to know whether Dr. Van Eck has 
done any studies in which fat was restored in the form of unsaturated fat. From 
the data that Nichols, Dobbin, and Gofman have obtained, one would expect 
that restoration of calories lost by elimination of saturated fat, by unsaturated 
fat, would result in even lower serum cholesterol and serum lipid levels than 
would restoration of these calories by increase of the carbohydrate content of the 
diet. (2) Finally, I would like to know a little bit about the basis of patient 
selection. You mentioned that they all had high serum lipids. Was the basis of 
selection uncontrolled or poorly controlled diabetes, high serum lipids, or was 
the selection on the basis of the presence of retinal lesions? 
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Van Eck: The low-fat diet is of a very simple composition. It consists of 80 gm. 
of protein, a maximum of 20 gm. of fat and enough carbohydrate to maintain the 
same body weight. Only very lean meat can be given and it should of course be 
broiled and the melted fat discarded. The meats are practically the only source 
of fat in our diet and, with some attention, it is quite feasible to keep the total 
daily fat intake below 20 gm. 

The selection of patients was made on the presence of retinal pathology and 
elevated serum lipids. It may be noted here that only a few patients were found 
to have normal serum lipids in the presence of diabetic retinopathy. All patients 
were well controlled as far as regular diet and glycosuria were concerned, with 
the exception of one, who frequently showed strong glycosuria; however, she 
continued this same pattern while on a low-fat diet and her serum lipids became 
normal anyway. 

During the last year unsaturated fatty acids were given to a few patients. 
In one, it was added to the regular diet she was following; in another, to the 
low-fat diet she was taking. Both patients did not show any change in their 
serum lipids. A third patient was observed for 6 months, during which time 
persistently high serum lipids were found; she then was given unsaturated fat 
(safflower oil) in exchange for triglyceride fat she was taking, up to 8 tablespoons 
of safflower oil daily. On this regime she still had a balance of approximately 
40 gm. of triglyceride fat daily. Her serum lipids remained high. Subsequently, 
all the remaining triglycerides were replaced by carbohydrates and the serum 
lipids then promptly fell to low normal levels. It seems therefore that unsaturated 
fats in our patients did not influence the serum lipids one way or another. 

Strisower: This is a little different design. 


Nature of Retinal Exudate 


Bloodworth: I think we should try to elucidate what we do know about the 
nature of the exudates before we leave this subject. There are two types of 
exudates; one is that which is found immediately around the microaneurysm, 
which is frequently a somewhat laminated exudate which stains relatively 
faintly with PAS stain. This exudate appears to be derived from the micro- 
aneurysm. I am certain ophthalmoscopically it is seen as part of the micro- 
aneurysm. 


CEROID 


Then there is the second type of exudate which is nothing more than irregular 
blobs, as we see them in the flat preparation, strongly PAS-positive. They are 
not connected with the microaneurysm, and frequently not connected with a 
vessel. They are just loose in the tissue of the retina. 

On histological sections, you can see that these exudates are located in various 
levels of the retina. Some even have a snake-like appearance, in that they go 
from one level to another. They probably contain a fair amount of lipid, although 
I have been unable to prove or disprove this. 

I am sure these are the ones that are seen with the ophthalmoscope. They 
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usually are in clumps of 5 to 20 in association with perhaps an equal number of 
microaneurysms. 

I know of very little in the literature to bear on this. I would like to refer 
you to a case report by J. Reimer Wolter of Michigan in the March 1957 issue 
of the Archives of Ophthalmology, in which he describes the macular star figure. 
Regardless of what this structure is, it sounds like it may be a form of exudate; 
he infers that there is a destruction of the neurons of the retina, and that as a 
result there is a histiocytic response; in other words, large, foamy phagocytes 
or gitter cells. 

On the other hand, in my histological section, I have seen these exudates 
with practically no reaction around them. Perhaps this is a different stage. 

What he describes sounds like a later stage, when it becomes hard and waxy. 

I would like to encourage a discussion of exudates, if anyone else has any 
information. 

Leopold: Dr. Braley. 

Braley: Several years ago, I examined many, many cases of diabetic retino- 
pathy by sections, frozen sections, and so forth. There isn’t any doubt that 
many of these contained sudan-3 staining material. 

The thing, I think, that Wolter is talking about is actually in the nerve fiber 
layer, and these are what I called cytoid degeneration in the nerve fiber. 

I would like to hear what Dr. Zimmerman has to say. I know he has ideas 
about this, but in diabetic retinopathy today, degeneration is most unusual. 
At least, as I saw it in histological sections it was unusual. 

The heart (jelly) exudates were not, did not take on up to sudan-3, but were 
what I would call hyaline-like material, and stained as you have shown, heavily 
with PAS stain. They are mostly, I would say, in the outer plexiform layer, 
but extend down through. The combination of these two, this lipid material and 
these hard yellow, exudates form a circinate retinopathy. 

I think that actually I would guess that what you are absorbing is the lipid 
material first, and these other materials might be coming out later. 

Bloodworth: Incidentally, if we assume that this starts out as a combination 
of protein and lipid, it is interesting to note that there are references in the 
literature to the fact that exudates are better absorbed when lipotropic sub- 
stances are used as therapy. 

Perhaps the lipid is absorbed and protein remains as a typical hyaline mass. 

Braley: The thing Dr. Wolter is talking about is primarily the so-called cytoid 
degeneration which occurs very late in diabetes, if at all. This, of course, I have 
always felt was not necessarily associated with diabetic retinopathy. 

Bloodworth: These lesions were so big, I wonder if they are cytoid bodies? 
Perhaps that is what they are. 

Zimmerman: Dr. Wolter has written quite a few papers, and several on both 
subjects. Actually, he has written papers on the cytoid bodies and also on micro- 
histograph figures. I think he has them quite well straightened out. The type 
that Dr. Bloodworth was talking about in the macular star figure, these large 
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collections of foamy histiocytes, the outer plexiform layer, can occur as isolated 
masses independent of the macular star figure. 

These, when they occur, as in some of the fundus pictures, we just saw, will 
account for some of these circinate patterns. 

These, when stained with frozen sections, are filled with fat. Some of the non- 
cellular, the acellular, so-called hyaline masses you were speaking of, can be 
found to contain fat even when you use paraffin. It is a protein complex where 
the fat isn’t even extracted by the fat solvent. 

Hartroft: This material is ceroid—a polymerized form of unsaturated fats. 
We find ceroid deposited in the lesions of atheroma and sometimes in Kimmelstiel- 
Wilson lesions. Ceroid results from polymerization of unsaturated fats although 
not all unsaturated fats will undergo this reaction. Here exactly the same re- 
action occurred. 

You are probably more familiar with this concept in relation to the drying of 
paint. Paint chemists refer to fat which undergoes this reaction as a drying oil, 
or a semidrying oil. Linseed oil is the best of them. 

As you know, linseed oil is soluble in fat solvents before it dries, but not so 
after it dries. It is this polymerization reaction that goes on when paint is “‘dry- 
ing.” 

Somewhat surprisingly, unsaturated fats may undergo this same reaction in 
a number of places in the human body in pathological lesions, including most 
significantly atheroma, associated with abnormal deposition of fat. 

Once ceroid (“paint”) is formed, there is probably absolutely nothing that 
can remove it except macrophages mechanically. 

In animals ceroid may be produced in ordinary adipose tissue by crushing 
it, thereby allowing fat and blood to mix. The red cells so bathed in fat will 
catalyze the ceroid reaction by giving up their oxygen. Antioxidants such as 
tocopherols and ascorbic acid will inhibit the ceroid reaction. 

Ceroid forms early in atheroma, and I have always felt it may have something 
to do with the apparent irreversibility of the lesions. 

Zimmerman: Acellular? Extracellular, not within the — 

Hartroft: Ceroid may be found in either situation. It may occur as small 
drops within macrophages, but more frequently larger amounts may be found 
lying free in hyaline stroma. 

Zimmerman: These two different types of exudates we see in diabetic retinas 
are very different when you see them in the ordinary situation. 

Hartroft: Ceroid is important from the histochemists’ standpoint. When these 
lipids undergo this type of change into ceroid they become strongly Schiff- 
positive, although free of mucopolysaccharides. Even ceroid produced arti- 
ficially in vitro from pure unsaturated fat will give a positive PAS-reaction. 

This fact should be remembered when interpreting a PAS-positive reaction—it 
does not by any means always indicate the presence of a mucopolysaccharide 
unless it can be shown not to contain any ceroid. 

Zimmerman: Could I ask one question about this? Do they stain fairly in- 
tensely with eosin? 
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Hartroft: The reactions of ceroid by all the methods of staining that are 
usually used in ordinary work have been well worked out. Dr. Lilly’s textbook 
on histochemistry has a section dealing with it. He has been particularly inter- 
ested in ceroid as he is the man who coined the term from cerus (wax). 

In the liver we have to differentiate ceroid from alcoholic hyaline and there 
is a nice method—Luxol fast blue—which serves well for this purpose, staining 
hyaline blue but ceroid not at all. 

Lazarow: It is very interesting that the ceroid you have gives the positive 
PAS reaction following oxidation. The only thing that PAS reaction tells you 
is that this has a carbon-carbon link with hydroxy groups, or hydroxy on one 
and amino on the other adjacent carbon atoms. 

The interpretation that this is carbohydrate has nothing to do with the PAS 
reaction under usual circumstances. Most of the things in the tissues that remain 
after diastase injection are carbohydrate, but I would suspect if the chemistry 
of this ceroid were known, particularly under the circumstances which it is 
formed, you may find that the specificity for periodic acid is probably main- 
tained. 

During the oxidation you have lipid compounds that probably have this 
appropriate specificity which will now react and are insoluble. 

So, interpretation is extrapolating the PAS beyond what it is ever intended to 
mean. All it means is that there are two adjacent carbon atoms with two ad- 
jacent hydrogen groups or hydroxy and amino. That’s all it means. 

Lazarow: When was it? 

Becker: This is demonstrated to be nonhydrogenated. It has double bonding. 
This gets oxidized by periodic acid to form adjacent carbonyl groups. 

Lazarow: It would have to be hydroxy which, if you had double bonded and 
and each went to hydroxy, this would have the exact specificity for periodic acid. 

Becker: We would have a good example of a ceroid in the eye, in the rod and 
cone layer, where we have vitamin A. This is unsaturated fatty acid, if you like. 

Hartroft: Ceroid has a fluorescence which is green-blue and closely related to 
vitamin A-fluorescence. It may probably be related to vitamin A in the altered 
(polymerized) unsaturated fat. 

Becker: In the rod and cone layers, do they stain with PAS in your sections? 

Hartroft: No, unaltered triglyceride is of course removed by the preparation 
of paraffin sections. 

Graef: I was interested to hear Dr. Hartroft speak of one formation of ceroid, 
using unsaturated fats. About 25 years ago I was interested in the behavior of 
cod liver oil in the lung, and repeated and demonstrated what one of your 
predecessors at St. Louis, Pinkerton had shown, that this material in contact 


with body fluids formed an insoluble acid-fast membrane. Some of the ceroids 
are acid-fast. 


Hartroft: All are? 
Graef: All are. They fluoresce in a peculiar way. It is interesting. You can, in 
a test-tube, if you layer an unsaturated oil—like tung oil or linseed oil—over a 
protein solution; gelatin casein, and albumin, form at the interface a membrane 




































































586 SURVEY OF OPHTHALMOLOGY 


which has acid-fast properties. Lift the membrane out and another one will 
form at the interface within minutes, which you can see macroscopically. 

I wonder if Dr. Zimmerman or other students of ophthalmology had stained 
this material with carbol-fuchsin. Is it acid fast in the eye? 

Braley: I haven’t. 

Hartroft: There is a relationship between ceroid and proteins in thrombi. 
We are just becoming aware of this now with fibrin particularly. 

I mentioned that ceroid is present in atheromatous plaques. If as Dr. Duguid 
suggests, the plaques really represent organized thrombi, ceroid should then be 
demonstrable in thrombi. I first saw ceroid in a thrombus from one of the rats 
in which an infarct developed as a result of consuming our special diet described 
earlier. 

It is possible that abnormally large amounts of ceroid within thrombi would 
inhibit thrombolysis. If fibrin strands were coated with this ‘“‘paint’”’ (ceroid) it is 
not hard to imagine that lytic enzyme reactions could be greatly inhibited me- 
chanically. 

The above is merely hypothesis but in fact ceroid is present in atheromatous 
plaques. 

Here is one possible reason some of us are a little cautious about stressing 
unsaturated fat in the diet because it is only from unsaturated fats that ceroid 
is formed. ; 

Strisower: There are only a very few that unsolidify. Linseed and others, can 
be left indefinitely, and dried, and they will remain liquid; the chemical proper- 
ties are such that you need to have generally multiple unsaturations before 
polymerization occurs readily, in those that are unsaturated in one or two bonds, 
such as most of these are. 

This is very hard to do, and I doubt that they would do that. 

Hartroft: Linseed oil and tung oil undergo the reaction readily. Cod liver oil 
and corn oil do so, but not as readily. 

Kinsell: One of the observations is increase of endogenous synthesis of ab- 
normal trienes. Mead’s work has shown that such trienes are probably of the 
oleic rather than the linoleic acid “family,” with particular reference to the 
double bond nearest the methyl end of the fatty acid. Their synthesis is increased 
in the presence of essential fatty acid deficiency. They may be more subject to 
oxidation than “normal” polyunsaturates. 

This train of thought also raises the question as to whether one, in the use of 
polyunsaturated fat in the diet should increase the intake of potent antioxidants, 
such as y-tocopherol, to lessen the possibility of production of excess oxidation 
products. 

Leopold: Do you have some pictures, Dr. Kinsell? 

Kinsell: A study was made on lipid proteins, of which I was a subject myself, 
and had multiple blood samples done. No effect on proteins could be shown by 
decaferol supplementation, 100 times usual doses. 

Hartroft: In the animal in which the ceroid is forming, the reaction may be 
slowed by a variety of methods including the administration of large doses of 
tocopherol. Under certain dietary conditions, ceroid will be the first manifes- 





~~. s&s oan 


me 


Ww 
Uy 








CONFERENCE ON DIABETIC RETINOPATHY 587 


tation of vitamin E-deficiency long before the onset of muscular dystrophy for 
instance. In this type of experiment much larger doses of tocopherol are needed 
to prevent the formation of ceroid than to prevent the other signs of tocopherol 
deficiency. 

Kinsell: I see. 

Hartroft: I have only used the a-form. 


DIETARY REGIMEN AND RETINOPATHY (POLYUNSATURATED FATS) 


Kinsell: I will be brief, Mr. Chairman; time goes along. I thought it might be 
worthwhile to comment on a few things that we have observed over the last 10 
years. 

There is as yet no adequate understanding of the precise pathogenesis of the 
vascular disease involving the eyes and kidneys characteristic of the diabetic 
individual whose disease has been present for 10 or more years. There seems to 
be little question that, at least statistically, the better the diabetic control in a 
conventional sense, the later the onset of these abnormalities. Excellent diabetic 
control, however, offers no guarantee of permanent immunity. 

Evaluation of the effects of various procedures upon diabetic retinopathy 
and nephropathy in the human subject is made very difficult by the tendency 
of these lesions to “‘spontaneously” improve and regress in many individuals at 
intervals over a period of years. Consequently, large numbers of patients studied 
under well controlled conditions are essential if one is to be able to evaluate any 
procedure with hope of obtaining meaningful information. This statement ap- 
plies to hypophysectomy, adrenalectomy, hormonal therapy, drug therapy, or 
dietary modification. 

Many diabetics, particularly those with complications, will have plasma lipids 
which are significantly increased over the normal levels. The substitution of 
polyunsaturated fat for a significant portion of the dietary fat and some of the 
dietary carbohydrate, is associated, essentially without exception, with a major 
decrease in all of the plasma lipids. In many diabetics, such dietary modification 
is also associated with marked improvement in dietary control in terms either 
of favorable modification of the excursion of the blood sugar levels, decrease in 
insulin requirements or both. In some diabetics with retinopathy and nephrop- 
athy, during maintenance on diets of this type there has been significant im- 
provement in the appearance of the retina and some evidence of improvement in 
renal pathology. It is not possible at this time to know whether such findings are 
coincidental or on a cause and effect: basis. The findings, however, are sufficiently 
impressive to make it desirable to follow a well controlled group of patients on 
such diets over a sufficient period of time to permit of adequate evaluation. 
Such a program is under way. 

We got mixed up with polyunsaturated fats rather inadvertently in the course 
of trying to evaluate the effect of certain hormonal substances on fatty acid 
metabolism. We noted that the level of plasma lipids fell very strikingly when 
we used very large amounts of certain fats in the diet, and plasma lipids went 
up when we changed to a different type of fat. 

Generally speaking, when one uses predominantly saturated fat, whether or 
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Fig. 12. Substitution of polyunsaturated for saturated fat in the diet results in a decrease 
in all of the plasma lipids. 


not that fat contains cholesterol, all of the plasma lipids are relatively or abso- 
lutely high, depending upon the total experimental conditions and the type of 
patient who is being studied. 

Conversely, when one substitutes an equal amount of fat which contains 
chiefly or entirely polyunsaturated fatty acids, the plasma lipids fall and remain 
down until one again changes to a saturated fat or to some other type of dietary 
program (Fig. 12). 

One of the fairly early observations that we made on the metabolic ward was 
that a rather severe diabetic who had been in poor control when he was placed 
on a diet that contained a large amount of polyunsaturated fat, not only had a 
fall in plasma lipids but his diabetic retinopathy improved very rapidly. 

We tended at that time to attribute most of the changes, if not all of them, 
to merely better diabetic control. This may be the answer, but as time has gone 
along, we have been impressed with the observation that a number of patients 
who had been in essentially good diabetic control on one type or another of diet, 
but who still had progressive retinopathy, when they were changed to a diet 
that contained a large amount of polyunsaturated fat, had something which 
might be considered as significant changes in terms of resorption of exudate, 
disappearance of aneurysms and absorption of hemorrhage. 

Van Eck: After how much time? 

Kinsell: Anywhere from a month to several months. I would hasten to add 
that this has not been so with every patient. 

The major difficulty in this field is that, as described by Dr. Becker last night, 
one sees spontaneous changes in retinal pathology, which make the evaluation 
of any agent, dietary, hormonal, or otherwise, extremely difficult. We are, 
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however, sufficiently impressed by the possibility that these changes have been 
more than coincidental, to cause us to make our routine diabetic diets quite high 
in polyunsaturated fats. 

I would like now to run hurriedly through a few observations on patients on the 
metabolic ward that indicate that whatever the story may prove to be with 
regard to retinopathy, one can produce some other changes, which I think are 
definitely not coincidental and which may be desirable in terms of over-all 
diabetic management. 

Just a few points in terms of rules of the road, so to speak. I might note here 
that diabetics in California, or at least in our hospital in California, apparently 
don’t behave like diabetics in New Haven. When we give a high carbohydrate 
diet, generally speaking, we have quite a difficult job in maintaining good dia- 
betic control. 

Conversely, when we use a diet that contains a relatively large amount of fat, 
particularly if the fat be predominantly polyunsaturated, we usually are able to 
achieve much better diabetic control, or use lesser amounts of insulin or both. 
I’ll discuss this further in a moment. 

Regarding the effect of different types of diets on plasma lipids, in Figure 13 
is shown a study in which the diet initially contained nothing but carbohydrate 
and protein plus essential vitamins and minerals. It is a chemically constant 
diet in the full quantitative sense of the term. You will note that the plasma 
triglycerides were very significantly elevated and the cholesterol, while not very 
high, was much higher than it was when we substituted 50 per cent of the 
carbohydrate with ethyl linoleate. 

The level of glycerides came down to a very striking degree. This is essentially 
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another way of saying what was noted this morning, that the level of the very 
large lipoprotein molecules which contain triglyceride came down when you 
substitute polyunsaturated fat for carbohydrate. 

So, whether you measure the lipoprotein or the lipids, the pattern is essentially 
the same. 

Van Eck: I would make a remark about Figure 13. I don’t want to be critical 
about it, but there is already a wide variation of fluctuation in the triglyceride 
fat while the patient is on the same diet for the first period. I see there are a lot 
of low values for triglycerides at the beginning. 

Kinsell: The diet at the beginning was a different type of diet. Neutral fat is 
high during the period of high carbohydrate intake. 

Van Eck: What was the lowest level you achieved for triglycerides and cho- 
lesterol? 

Kinsell: In our experience? 

Van Eck: The drop that you found there after you added unsaturated fat to 
the diet. 

Kinsell: The glycerides dropped from approximately 170 down to about 70 
or so. Quite unequivocal, I think. 

Van Eck: 170 mg. per 100 ml. of total cholesterol? That is not an elevated 
value for total cholesterol. 

Kinsell: No. Total cholesterol was not really high at any time. It fell from 
150 on the high carbohydrate diet to less than 100 with the addition of poly- 
unsaturated fat. 

Strisower: The reason changes in cholesterol are easily interpretable in terms 
of serum lipoprotein concentration is that the fraction lowered by decreasing 
carbohydrate is that fraction that contains relatively little cholesterol—only 
14 per cent by weight; measurement of a lipoprotein concentration rather than 
of a cholesterol concentration, recognizing that cholesterol is carried in larger 
concentrations by other lipoprotein fractions, would be expected to produce a 
more sensitive measurement. 

Kinsell: Don’t you think you can put it either way and come out with the 
same answer, whether you think of lipid as such or as a protein which carried 
lipid? 

Strisower: I think we all agree that lipoproteins are circulating macromolecules 
and measurement of these is more informative from a physiological standpoint 
than is measurement of serum cholesterol which is contained in a number of 
different lipoprotein classes including both high density and low density serum 
lipoproteins. 

Kinsell: Oh, they do. Otherwise we would all be dead of embolism in a hurry. 

Figure 13 brings out something which I think requires emphasis, and concern- 
ing which we have spoken to Dr. Gofman on a few occasions. As far as I know, 
it has been verified by every person who has carried out studies of this sort under 
controlled conditions. The lowering of plasma lipids by polyunsaturated fat is 
not a negative effect. It is a very positive effect. 

In Figure 14 are data obtained on a patient initially on a totally fat-free diet. 
With the addition of progressive amounts of safflower oil, a natural fat that 
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Fic. 14. The effect of the polyunsaturated fat upon plasma lipid is a positive, not a nega- 
tive, effect. In this and other studies, the addition of polyunsaturated fat to a preexisting 
diet containing either no fat or saturated fat, without modification of any part of the pre- 
existing diet is associated with a very significant decrease in plasma lipids. 


contains about 70 per cent linoleic acid, a striking decrease in plasma lipids 
occurred. 

Ahrens has found the same thing; also the group in South Africa. 

Striker: Is on isocaloric— 

Kinsell: The fat was added, not substituted. I think there is essentially no 
question about this, if one carries out the study under precisely controlled con- 
ditions. As previously mentioned, when one substitutes a polyunsaturated fat 
for a saturated fat, not only is there a fall in the level of lipids, but also in many 
diabetics there is a significant improvement in the total pattern of diabetic 
control as evidenced either by decreased insulin requirement by fall in level of 
blood sugar at the same insulin level, or in diabetics who are maintained on diet 
alone, without insulin. 

In the study shown in Figure 15, we first used menhaden oil (a poor batch 
which was associated with no decrease in plasma lipids, and with an actual rise 
in blood sugar). When we used ethyl linoleate, a major decrease in blood sugar 
followed. I show this merely to support the concept that whatever one may be 
able to do with regard to retinopathy or with regard to any of the complications 
of diabetes, there is good reason to believe that a diet of this type is associated 
with excellent diabetic control; better diabetic control than with other types of 
diet we have used. 

Van Eck: For fasting blood sugars. 

Kinsell: Those are fasting blood sugars. 

Marble: Apart from the unsaturated fats, were these synthetic diets or was 
conventional food used? 

Kinsell: These are formula diets which are employed on the metabolic ward, 
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Fic. 15. In many diabetics, the replacement of saturated by polyunsaturated fat in the 
diet will result in improved diabetic control from the standpoint of blood sugar levels in the 
absence of insulin, or of decrease in insulin requirements. 
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Fig. 16. Some patients with diabetic vascular disease appear to be unusually sensitive to 
the effects of dietary fat. The patient in whom these data were obtained has extensive ret- 
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synthetic diets. We had been dimly aware of improvement in diabetic manage- 
ment in patients on ‘‘meat and potato” type diets in which unsaturated fat was 
increased (at the expense of saturated fat or carbohydrate or both) before we 
put it to the test on the metabolic ward. 

The diabetics with retinopathy, generally speaking, or at least many of them, 
appear to have a greater sensitivity to change in type of fat than do some other 
diabetics. 

This is not so without exceptions, but it is so in many individual instances. 
In Figure 16 is a striking example of this. The patient was maintained on a diet 
in which all of the fat was ethyl linoleate. Her lipids were relatively low. When 
we used a synthetic triglyceride which contained equal amounts of oleic acid 
and palmitic acid, a very major rise in the level of plasma lipids occurred. When 
safflower oil, which contained 70 per cent linoleic acid, replaced the oleate- 
palmitate, a fall in plasma lipids occurred, but to a lesser degree than with ethyl 
linoleate. 

In Figure 17 is shown the depot fat composition for the same patient whom 
you saw in Figure 16, after she had been maintained for about 9 months on a 
mixed diet, not a formula-type diet, which contained a large amount of poly- 
unsaturated fat. You will note the large percentage of linoleic acid. In Figure 18 
is shown the average fatty acid composition of depot fat in individuals consuming 
average American diets. 
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Fic. 17. Depot fat in the patient shown in Figure 16, after the use of a diet high in linoleic 
acid over a period of several months. 
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Fig. 18. Average fatty acid composition of depot fat in individuals on the usual Ameri- 
can diet. 


In Figure 19 is shown the effects of polyunsaturated fat upon rates of cho- 
lesterol synthesis from C1*-labeled mevalonic acid. This is one of many such 
studies carried out during the last 6 months, all of which indicate decreased 
rates of cholesterol synthesis in response to intake of polyunsaturated fat. The 
data are interpreted in terms of rates of conversion of intravenously administered 
C™ mevalonic acid to plasma total cholesterol. In terms of generally accepted 
concepts this should represent a comparative (not absolute) measurement of 
hepatic cholesterol synthesis under different dietary and other experimental 
conditions. 

We hope to be able to carry out similar studies with regard to rates of synthesis 
of the other plasma lipids as well, but this will be more difficult. 

Just by way of summary, I think we are certain beyond any question that 
polyunsaturated fats in the diet, when substituted for, or when added to other 
dietary fat or carbohydrate will significantly lower the level of all plasma lipids. 
In many patients there is also improved diabetic management. In clinical 
medicine one usually substitutes rather than adds in order to prevent excessive 
caloric intake. 

A recent paper by Dr. Pope, which appeared in Diabetes (perhaps Dr. Hartroft 
could speak regarding this, since Dr. Pope is in his department) presents a 
most engaging hypothesis for the production of the capillary microaneurysm. 
Abnormal lipid metabolism occupies the center of the picture. If it should prove 
to be correct, it may provide some basis for our working hypothesis, that the 
use of polyunsaturated fat may be of value in the management of patients with 
progressive retinopathy, or, better still, in prophylaxis of this disease. 
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Fig. 19. Rate of conversion of C'* mevalonic acid to plasma cholesterol (by the liver) is 
markedly decreased when polyunsaturated fat is substituted for saturated fat in the diet. 
This has been true in all patients so far studied. 


I would like to raise one question which I hope the ophthalmologists can 
answer, or will answer at a later date, and that is: What type of study should 
be set up in terms of numbers of patients, and duration of time, if we are to be 
able to come out with observations in patients with retinopathy, which will have 
true statistical significance? 

In other words, if we are going to evaluate procedures A, B, or C, how many 
patients do you have to study on one regimen, as compared to another, to give 
you enough information so that you can overcome the worry about inherent 
variability? 

Strisower: Have studies been done on the conversion of mevalonic acid to 
cholesterol in relation to the effect of low-fat diets? 

Kinsell: We have done this so far only in an obese patient on a very low calorie 
diet. 

Her rate of cholesterol synthesis is very low. Whether this is a characteristic 
of her obesity, her low calorie diet, or of a fat-free diet, I don’t know. I suspect 
that the middle possibility is largely responsible. 

I would like to suggest, or to mention the comment of one clinician, to the 
effect that, with a low-fat diet, you don’t really live longer, it just seems that 
way. 

Strisower: I should like to ask Dr. Kinsell what supports the concept that the 
addition of polyunsaturated fats to the diet, rather than the absence of saturated 
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fats, produces the observed effects on the conversion of mevalonic acid to 
cholesterol. 

Kinsell: In this particular instance, as I indicated, we don’t know the answer. 
There is, however, no question that addition of polyunsaturated fat to an existing 
diet will lower plasma lipids (see Figure 14). 

This, I think, makes the case beyond any reasonable doubt for a positive 
effect, and not in any sense of the word merely a negative withdrawal effect. 

Hartroft: Do you get a positive effect both when you add the unsaturated 
fat and when you substitute it? 

Kinsell: That’s right. 

Levine: I would like to ask: What is known about the utilization of poly- 
unsaturated fat? Does the polyunsaturated fat inhibit cholesterol synthesis? 
What is the mechanism, if it gives rise to what you showed us? 

Kinsell: The great problem in this whole area has been that fat metabolism 
is so different in one species as compared to another, that any study one does 
has to be carried out in man. Only in the last few months has it been possible 
to carry out adequate isotope studies in man. Prior to this, our group had not 
felt justified in using the amount of C™ that would be necessary to provide 
such data. It seems reasonably definite that adequate amounts of polyun- 
saturated fatty acids in the diet, in some way inhibit hepatic cholesterol syn- 
thesis. With regard to fatty acid metabolism, all we know at the moment is that 
linoleic acid has a very different metabolic pattern in terms of its rate of disap- 
pearance from the plasma, and in terms of distribution among the plasma lipids, 
as compared to palmitic acid; also, in some individuals in terms of its rate of 
oxidation as measured by expired CQO». 

If you will ask me a year from now, I hope I will be in a better position to 
answer that question. 

Dolger: Demosthenes once made a plea. He said, ‘“The gods protect us from 
the doctors who prescribe diets. Either let us live in comfort or die in peace.” 

I think that the formidable nature of these diets of Dr. Van Eck and Dr. 
Kinsell is in the same category of physical megatron radiation or— 

Kinsell: If you are talking about formula diets, they are not intended to be 
maintenance diets. In terms of meat and potato diets, one can come out with a 
very palatable diet that contains a large amount of polyunsaturated fats, and 
adequate amounts of animal fat. So only moderate modification is required. It 
certainly does call for modification, there is no question about that. But in the 
final analysis, diabetes is a way of life which calls for the acceptance of the need 
for dietary and other modification. 

Lukens: Could the diets that you used on the metabolic ward, and the blood 
lipid levels produced by them be carried on after the patients left the hospital? 

Kinsell: Yes. 

Van Eck: It will have escaped no one present that there is a marked dis- 
crepancy between what I tried to say about this and Dr. Kinsell’s data. Now, 
he has much more data than I have, and I would be inclined to just keep quiet 
about this. Nevertheless, I am wondering whether, perhaps, we might be talking 
about two different things. 
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In the first place, Dr. Kinsell notices a rapid drop in his serum lipids. If I 
read your charts correctly, within 5 days you would have a drop to your ultimate 
level. It took me 5 weeks with our particular low-fat diet. I didn’t see an acute 
change in those few patients whom I studied on the safflower oil diet, but it 
may just be, and that is my second point, that the serum lipids were different 
to start with. 

I read from your charts that many times your cholesterol values would be of 
the range of 200 per cent to start with, or a little higher. There was only one 
chart where it was considerably higher. 

In my patients, there were, in most instances, quite high lipid values of the 
serum. Therefore, perhaps, I had a different selection of patients. In selecting 
these cases, I started from another premise. I was interested in seeing whether 
I could cause a drop in high serum lipid levels in diabetics. It was not my in- 
tention to study the effects of a diet in patients with diabetic retinopathy. So 
there was some bias in my selection. Perhaps that is one way to explain the 
marked difference in the data. 

Kinsell: As I recall, Dr. Van Eck, you said that you added safflower oil to 
the previous diet. One may, in some patients at least, have to add very con- 
siderable amounts of polyunsaturated fat, much larger amounts than you sub- 
stituted. 

Van Eck: I had one Italian lady who was in the habit of eating tablespoonsful 
of olive oil and butter, and in her case it was exceedingly simple to exchange a 
tablespoon of safflower oil for the oil or butter. In her case I didn’t see any acute 
change, but she had very high lipids to start with. 

Kinsell: With the exception of people with essential hypercholesterolemia, 
and a few patients with essential hypertriglyceridemia, we have seen almost 
100 per cent of patients respond to this type of diet, as nearly as you will get 
to 100 per cent in anything in clinical medicine. 

Braley: You asked a question about setting up a study to evaluate the type 
of patient and the number of diabetic patients because of the inherent varia- 
bility of the disease. I think it would require 50 patients, which would give a 
7 per cent variability. Now, the time study would depend on how much retro- 
spective and prospective study there might be. You could include 1 year of 
retrospective, if you had enough information; however, the bulk of the study 
should be prospective for at least 5 years. 

Kinsell: Would this hold if one had, perhaps, different groups, each one using 
a different diet and comparing progress in different groups rather than using 
individuals as their own controls, which would be very difficult for such a long- 
term study? 

Braley: You could use it on retrospective. That is their control area, for this 
would not be easy, but it could be done, if you wished to have an answer in a 
reasonably short time. 

Becker: I think that the correlation with length of time one has diabetes 
would preclude a retrospective study. 

I would like to name some things that occurred to me in answer to Dr. Kinsell’s 
question. As far as number of patients, I don’t know. If Dr. Larsson is right that 
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20 per cent of the patients improve spontaneously over a 10-year period, this 
means one needs a large number of patients. 

It would seem to me that you would have to choose young, intelligent, co- 
operative patients, and I would be inclined to choose patients with no other 
pathology, and with early stages of the disease. One must also choose control 
patients with diabetes and no retinopathy. One has to do the study double- 
blind, so that there is equal enthusiasm transmitted to all patients. The internist 
who is encouraging the patient as to diet and the like must not know which oil 
supplement is given nor should the patient or the ophthalmologist. 

The ophthalmologist should have facilities and time to see the patient and 
examine him very carefully at frequent intervals with a maximally dilated 
pupil. He should take repeated photographs of the same three or six views of 
different parts of the fundus. 

The only efforts we have made have been small ones along this line, like 
administering heparin or vitamin By» or testosterone in such fashion that the 
examiner and the patient did not know which was given. No differences between 
the treated and the nontreated were noted. 

Becker: Isn’t this an excuse for the blind leading the blind? 

Braley: Double-blind. 

Becker: I don’t think so. If you think you have some therapy that is worth 
evaluating, I think this is one of the best ways to do it. The trouble is that 
everybody gets excited about a particular form of therapy, and they treat a 
group of patients without controls. Changes are seen and attributed to the 
therapy. 

There is a report in current Scandinavian literature on the use of vitamin By, 
showing dramatic improvement of patients, but they knew which patients re- 
ceived the drug. 


Necessity of Planned Evaluations: Guidance of Statistics Prior to 
Onset of Problem Study 


Striker: I would like to ask the ophthalmologsts whether there is a difference 
in the incidence or improvement of retinal lesions under different forms of 
therapy. By this I mean that there are many types of diabetic diets prescribed 
and also types of insulin as well as degree of control of glycosuria. Is the lesion 
fairly uniform in spite of the variation in the diets or degree of control or types 
of insulin used? 

Newell: I don’t think there is an answer. I think there is a considerable bias, 
let us say, in the patients that Dr. Becker has seen. I would guess that Dr. 
Becker’s patients would have more diabetic retinopathy than somebody practic- 
ing in downtown St. Louis. 

I would refer patients with specific disease. I don’t think we are in a position 
to know. 

Becker: I see no difference in the diabetic clinic population at Barnes Hospital 
and at Johns Hopkins Hospital. 

Striker: What about the therapy of diabetes? Is there any difference? 
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Becker: I don’t think there is any difference there, either. 
Striker: I am thinking, for example, if you take a New York group, Tolstoi, 
or a Lichtenstein group, and then Priscilla White’s group, they all come up 
pretty much with the same quantitative data at the end of X number of years. 

Becker: That’s true. 

Stricker: You get my point? 

Leopold: At the moment, it seems we have reached an impasse. While we are 
thinking this over, let’s go on with something we can actually see, namely the 
electron microscopic chambers. 

Dr. Spargo. 


ASSOCIATION OF RETINOPATHY AND NEPHROPATHY (ELECTRON 
Microscopy) 


Spargo: Any study of the association between diabetic retinopathy and 
nephropathy must begin with a clarification of the various types of glomerular 
lesions. In addition, it would be helpful to know how the different lesions relate 
to each other and which are due to the unique capillary structure present in the 
glomerulus. 


Capillaries—N ature of Renal Lesions 


Glomerular changes of the diabetic type we find fall into roughly four types: 
the nodular cellular lesions, the nodular acellular, the microaneurysms, and a 
diffuse glomerular lesion. The latter has been a matter of controversy for some 
time. The nodular cellular or Kimmelstiel-Wilson lesion is shown in this area. 
The main parts of the lesion are the central hyaline material, the distorted 
endothelial nuclei, and the halo of capillaries around the hyaline mass. It is 
agreed that this lesion is pathognomonic of diabetes. From the standpoint of 
kidney biopsies and a clinical diagnosis, this is a very helpful lesion and most 
studies have used this for comparison with diabetic involvement in other organs. 
In addition, the nature of the hyaline material has been of interest. I will return 
to this in discussing the diffuse lesion. 

The next lesion is the nodular acellular lesion. This is a nonspecific lesion and 
may be seen with nondiabetic nephrosclerosis. This material stains as the hyaline 
intimal arteriolar change. Its location is generally outside the capillary and may 
also be seen between Bowman’s capsule and the epithelium. 


Basement Membrane Changes 


Electron microscopy has been very helpful in study of the diabetic glomerular 
lesion, particularly in getting insight into the relationship between the diffuse 
and nodular glomerular lesion. With the electron microscope, even with low 
magnifications, it is possible to discriminate reliably between the different 
glomerular components, the endothelial cytoplasm, the basement membrane, 
and the epithelial cell. In making this basic discrimination, we can say with some 
reliability, whether or not the basement membrane is thickened, and I think 
even casual examination of a picture of this type would lead one to say that the 
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basement membrane is greatly thickened. In this typical example of diffuse 
diabetic glomerulosclerosis, we see thickening up to five to eight times normal. 
This thickening is accompanied by several other specific changes. The thickening 
is accompanied by dilation. This aneurysmal dilation partially masks the thicken- 
ing of the basement membrane. Bowman’s space is pretty well filled by these 
dilated capillary loops. The thickening of the basement membrane, and the 
dilation of these capillary loops give us some leads to the relationship between 
the diffuse and nodular glomerular lesion, and insight into pathogenesis of this 
very controversial nodular deposit. 

There has been a long debate as to whether the nodular lesion is intercapillary 
or just exactly how it does relate to the glomerular capillaries. It can be seen 
that there is tortuosity and dilation except where the basement membrane is 
attached, and here as a result of the dilation there is folding. Where we have 
this folding of the thickened basement membrane, we get the appearance of 
hyaline deposits. This interpretation would suggest that the accumulation in 
the Kimmelstiel-Wilson lesion is not a deposit but merely a result of folding of a 
thickened basement membrane. Its appearance as a mass reflects the unique 
structure of the glomerular capillary. The examination of the early changes 
and searching for transitions from diffuse to nodular diabetic lesions, has led us 
to this interpretation. 

We started out following diabetic patients with renal symptoms and diffuse 
glomerular lesions. As we followed these, some developed nodular lesions. We 
felt that by getting higher magnifications and better resolution with electron 
microscopy we should be able to pick up the earliest hyaline deposits where the 
nodular lesion would form. In our studies over a period of time, we were some- 
what dismayed by not being able to find the deposits as we expected. Instead 
of this, we found areas of folded thickened basement membrane, which gradually 
become more and more hyaline, and then would appear as a typical nodule. 

The basement membrane of a glomerular capillary from a 32-year-old woman 
is approximately 1500 Angstrom units thick. A study from a diabetic patient 
showed thickening of the basement membrane, but in addition, a loss of the 
uniform hyaline appearance. The accumulations of material are suggestive of 
some of the intimal changes we see in early atherosclerosis. There are areas of 
osmophilic material, and clear vacuolar areas that might well be lipids in this 
area of transport that is so important in regulating glomerular permeability. 

Zimmerman: Could you tell us about the evenness of the contour on the 
epithelial side and the irregularity on the endothelial side? Is that a consistent 
observation? 

Spargo: No. Actually, in the normal glomerulus the surface of the endothelial 
cell is fairly uniform, except for the cytoplasmic pores that are present. Fre- 
quently in damaged glomeruli where there is distortion, the inner face here is 
not clear. It is not certain whether this represents material that has been de- 
posited here or not. My evaluation of this change would be that it reflected the 
general severe damage to the capillary loop. 

Zimmerman: In other words, the thickening of the basement membrane 
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cannot be correlated with activity on the endothelial side, whereas the epithelial 
side— 

Spargo: No. Actually from our other studies, I can only say that this is only 
one of a number of conditions that produce a diffuse thickening of the basement 
membrane. While one disease may also have involvement of the endothelial cell, 
and another the epithelial cell, certainly in the late stages most have both. In 
the diabetic renal change, thickening of the basement membrane appears to occur 
without early changes in adjacent cells. The diffuse lesion in this slide would be 
diagnostic of a diabetic glomerulosclerosis. 

As far as just graphically illustrating the hypothesis we are considering, with 
the transition of the diffuse to the nodular lesion, we might visualize a loop of 
glomerular capillaries as in this diagram. If we agree that thickening and dilation 
with microaneurysm formation in these parts of the glomerular capillaries results 
in the folding in the area of the lobular stalk where the basement membrane is 
attached, then this thickened basement membrane material appears as the 
hyaline deposit between the endothelial cytoplasm and the basement membrane. 
This gives the illusion of an extraneous deposit. 

Whether this interpretation contributes anything to the ultimate solution of 
the pathogenesis of the nodular lesion, I am not sure, since we do not know where 
the basement membrane comes from. However, this interpretation does help 
considerably when it comes to following cases in which there is a progression 
from the diffuse to the nodular lesions. It also suggests that the nodular material 
may represent a change reflecting the unique structure of the glomerulus rather 
than a deposition of extraneous hyaline material. 

The only other comment I would like to make on this problem of the relation- 
ship between these glomerular changes and the state of management is that in 
our serial renal biopsies the glomerular lesions have been uniformly progressive. 

We have also found that in patients presenting with evidences of renal dis- 
ease, there is an unusually high percentage of these that have abnormal glucose 
tolerances. 

Ricketts: You mean nondiabetics presenting with renal disease? 

Spargo: This is where we get into difficulty. We frequently cannot say—at 
least they do not have overt diabetes. We are doing serial renal biopsies with 
clinical and laboratory studies to try to document a transition to the diabetic 
state. We would like to follow the development of glomerular changes from 
normal to diffuse and nodular stages, and perhaps get more insight into how the 
glomerular changes are related or not related to alterations of glucose metab- 
olism. 

It has been our impression from the material so far that renal lesions may be 
present as the first sign of diabetes mellitus, and we have shown several instances 
where these were present in the kidney before the glucose tolerance was ab- 
normal. 

Leopold: Dr. Lazarow. 

Lazarow: The data I would like to present are some studies that were carried 
out cooperatively between Dr. Goetz in the Department of Medicine at the 
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University of Minnesota and Dr. Hartman, who is electron microscopist in our 
department. 

We reported some of these results at the Dusseldorf meeting in 1958. We 
have had over 30 patients which we have studied by renal biopsy, and with 
particular emphasis of getting at the early lesions. I am going to select three 
cases: one will be a diabetic, 1 year after the clinical onset of diabetes; one will 
be a diabetic about 5 or 6 years after the clinical diabetes; and one will be a 
diabetic 20 years after. I think the fundamental differences which we have seen 
will be illustrated by these cases. 

In the first case, diabetes, about 1 year, there was no clinical evidence of any 
abnormality. Histologically, it was normal. 

In the second, diabetes has been present for 5 or 6 years, and increased thicken- 
ing of the basement membrane is noticeable. 

In the third case, diabetes has been present for 20 years, and the marked 
increase and the nodular lesions is evident. 

Striker: Is that mild or severe diabetic, or what? 

Lazarow: This is moderately severe. We have all the clinical data on it. We 
believe that there is a progressive increase in thickness of the basement mem- 
brane, which appears to correlate, in a general way, with the duration of the 
diabetes. 

Now, I would like to emphasize the relationship between this diffuse and 
nodular lesion, because I think this is quite important. There is a great deal of 
confusion about it. We believe it is one parcel of the same process. 

In this region in which there is the basement membrane, there are the epi- 
thelial foot processes abutting on it. There are little projections of the basement 
membrane between the actual fingers of the epithelial foot processes. In other 
words, this represents an increase in the amount of the basement membrane 
that seems to be going between the epithelial foot processes. 

The basement membrane is thrown into folds, and we envision this as suc- 
cessive stages of not only an increase in thickness, but also then thrown into 
a scallop fold of irregular projections. Then it ultimately forms these nodular 
lesions, composed of the basement membrane-like material, plus endothelial 
cells with cytoplasm in between. 

So we envision a continuous process from thickening on the one hand, in- 
creasing in size, to an alteration where the membrane is thrown into folds and 
finally forms the nodular lesion as the end stage, and it is on this basis we are 
led to the hypothesis that we ought to pay more attention to the basement 
membrane itself. What is happening to the basement membrane? How is the 
basement membrane synthesized and formed? What is the turnover time? 

For example, we know there is protein, and carbohydrate constituents. What 
is the interrelationship of insulin, blood sugar, all these other factors, on base- 
ment membrane formation? 

The same carbohydrate constituents seem to be present in the diabetic as in 
the normal—that is, glucose, mannose, fructose, and galactose. 

However, in the diabetic they are present in much greater amount. We have 
attempted to do some semiquantitative comparison of the amount of carbohy- 
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drates there by starting with the known number of glomeruli, which is 100,000. 
We have come out with a figure that in the normal glomerulus there is about 
124 yg. of carbohydrate determined as glucose per 100,000 glomeruli, in contrast 
to 2262 for the diabetic. 

In other words, there is about a 20-fold increase in the amount of material. 
After all, this is the visual thing that you see, and this is not surprising, but we 
have tried to extend this a little further and tried to find out what, for example, 
is the ratio of carbohydrate to protein. 


Chemical Analysis of Renal Deposits 


We can take from this hydrolized material, we can subsequently elute the 
amino acids off the resin and then measure total amino acid nitrogen in the hydro- 
lysis mixture. 

We know the total amount of glucose. We find, comparing the diabetic to the 
normal, that there is no difference in the ratio of carbohydrate to protein in these 
two instances. In the normal it is 2.3 expressed as mols of carbohydrate for 
nitrogen. In the case of the diabetic it is 2.4. 

So that the amount of material that is laid down is increased both in protein 
as well as in carbohydrate, but taking the amino acids themselves and determin- 
ing the amount of hydroxyprotein in the protein fraction, and comparing this 
to the total amount of protein there, we find an interesting difference between 
the two. 

Hydroxyproline, I would emphasize, is a constituent of collagen. Collagen is 
rather unique in containing a very high percentage of hydroxyproline. One can 
say that most of the hydroxyproline that is present in the body is present in 
collagen. So you can take the hydroxyproline content as a measure of the amount 
of collagen. 

Now, for example, in the normal, we have carried out 14 individual analyses 
on glomeruli, and the average amount of hydroxyproline per unit of nitrogen 
is 6.0. Interestingly enough, 11 of the 14 of these had a ratio of less than 6, and 
the other three ranged between 6 and 7. 

We have 17 determinations of the hydroxyproline to total amino acid nitrogen 
carried out on diabetic kidneys, and of this group 14 out of the 17 are greater 
than 7, and that only 3 of the 7 overlapped this group, with 3 of the normal. 

In other words, there is about a 22 per cent increase in the hydroxyproline 
content in the diabetic as compared to the normal, and from the distribution of 
those, this is a rather consistent finding. 

What this means is an indication of what is the nature of protein that is laid 
down in the diabetic which increases 20-fold as the lesion is laid down, that this 
is not exactly the same as the material in the normal basement membrane. 

We would like to know, for example, what are the lipids in this material. 
We are just ready to set up a detailed study in cooperation with Dr. Franz who 
has done lipid analysis. We consider this a working hypothesis that warrants 
much, much more close scrutiny as to what is happening in the basement mem- 
brane in diabetes, because this may be a very important area to look at. 
ticketts: You don’t visualize this occurring in the reverse order, do you? 
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Namely, that what you see in basement membranes is due to the larger filtration 
of glucose-laden fluid that perhaps also contains lipid? How about this? 

Lazarow: We have thought about this a good deal, Dr. Ricketts, in terms of 
what comes first, and it is very intriguing, that for example may be the rate of 
basement membrane synthesis which contains carbohydrate substance might be 
influenced by hyperglycemia, per se, and that may be in the presence of hyper- 
glycemia, the relative amounts of carbohydrate to protein were different. 

This is why we wanted to determine this. I think there are lots of intriguing 
and different ways that you can approach this, and I think we need to devise 
some careful experiments to test this, but I think all we can say at this point is 
that there are these differences. 

I think we have got a lot of experiments that we can and have to do in this 
area, and using the electron microscope to help study this. I think that might 
be informative. 

Graef: Do we have to go to dogs? Dr. Spargo, haven’t you got some normal 
biopsies from diabetic subjects? 

Spargo: Oh, yes. Many diabetic patients have normal glomeruli. Actually, 
the changes we have shown here don’t correlate, in my experience anyway, with 
duration of diabetes. They don’t correlate with severity of diabetes as we usually 
consider it. They correlate with the eye changes very highly. 

I am inclined to think of this process as very closely related to the diabetic 
retinopathy. 

There is general correlation with the presence of proteinuria, but here again 
this frequency may be masked by tubular reabsorption. 

Van Eck: As I understand it, Dr. Lazarow states that there is a close rela- 
tionship with the time the diabetes has been in existence, is that correct? 

Lazarow: Well, we have some 30 cases by now. We are going to be getting 
serial biopsies on many of these, and if you take the number that have basement 
membranes that are 3000 Angstroms versus 5000 versus 7000, that in general 
you find the thickest ones have gone the longest and the relatively normal ones 
in those that have taken the shorter period of time. 

I don’t think we have enough data to say that this is a 1 to 1 correlation. I 
would say that, or data shows no particular relation to the severity of the dia- 
betes, in two cases, but again it is all too early. We have to get 100 cases. We 
have to study these carefully before one could really conclude. 

Mortimore: Have you measured proline as well as hydroxy? 

Lazarow: No, we haven’t measured proline, but what we need to do is measure 
all the amino methods, where we can take a 3-mg. sample of protein, and to get 
every individual amino acid in it. 

I think we have just really begun to scratch the surface. 

What we want to do is to characterize the basic difference. We have got to 
try to separate the different kinds of protein and so on. 

Mortimore: I recall vaguely there is a relationship in different types of col- 
lagen, physical properties of collagen to the hydroxyproline-proline ratio. That 
is the reason I asked the question. 
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CONJUNCTIVAL VESSEL CHANGES 

Leopold: Dr. Ditzel is going to tell us a little about the conjunctival vessels 
associated with this. 

Ditzel: We are a little bit off the track now by going to the conjunctival vessels, 
because even these vessels are situated rather close by the retinal vessels; the 
conjunctival vessels are more closely related to the subcutaneous vessels. 

Nevertheless, they might give us some ideas as to what is going on in vessels 
elsewhere. I would just point out a good thing about the conjunctiva as an ob- 
ject for study. It is the only vascular bed where you can follow in detail the cir- 
culation from the arterioles through the capillary bed, and to the venules. 

Then I would say there are a lot of drawbacks. The conjunctival tissue is 
superficial and therefore apt to have been influenced by trauma, wind and 
weather, and so on. 

Therefore, I feel that observation in any individual case, has no importance. 
Only in studying comparative groups of 50 to 100 diabetic and nondiabetics can 
differences in the vascular bed be evaluated. 

One thing which hasn’t been mentioned is that you have the arterioles and the 
veins superficially in the retina, and then the capillaries are in the inner nuclear 
layer, and it is here you see the microaneurysms on the venous side particularly. 

Another thing which I don’t think has been stressed enough is that one of the 
few things we know about the diabetic complications, is the relationship to the 
duration of diabetes. 

In the conjunctival vessels from a normal, healthy individual the arterioles 
divide into terminal arterioles, form the capillary bed, and then end up as venules 
and collecting venules. There is a complete, homogeneous blood stream, and 
also the ratio between the arterioles and venules is about 1:2 to 1:3. 

One of the first studies we did was to evaluate the conjunctival vessels in 395 
individuals, 220 diabetics and 175 nondiabetics. You can see the groups here: 
70 diabetic children, 50 young, 50 middle-aged, and 50 old-aged, compared with 
similar groups of nondiabetics in order to see whether there was any specific 
change among the diabetics. 

This was done in a fashion so that the observer wouldn’t know whether he was 
looking at a diabetic or nondiabetic. 

The result showed that arteriolar irregularities were found in a slightly higher 
incidence in the diabetic than in the control subjects. It was a nonspecific change. 
Capillary elongation seen in the venous part as tortuosities was observed in 
a much higher incidence in the young diabetic compared to the young non- 
diabetic. The venular irregularities were nonspecific; venular sacculations were 
nonspecific. However a change occurred in the ratio between arterioles and 
venules, the venules being markedly congested in the diabetics. This finding 
of venular dilation is found particularly in the young diabetics. This venular 
dilation is also associated with the presence of edema seen as diffuse haziness 
of the tissue. 

Hyaline infiltration occurred both in the nondiabetic and in the diabetic; 
more often in the diabetic group; the same was true about the hemorrhages. 
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The thing we were particularly interested in was how changes in the vascular 
bed seemed to be more related to diabetes than to the age of the individuals. 
In the normal vascular bed the arteriole and the venule ratio is 1:3 and 1:2, 
and smooth capillaries. In the diabetic vessel bed a congestion of the venules 
and arteriolar-venular ratio of 1:6 and 1:4, and tortuosities in the venous part 
of the capillaries. 

In a few long-term diabetics one would see another vascular pattern than that 
described. In these the arterioles and the venules were constricted. The cases 
were mostly long-term diabetics in poor health, mostly with hypertension. One 
of the things we did by repeated photography was to see whether some of the 
changes were reversible. 

We evaluated these changes in 50 diabetics, the mean value of the diameter 
of the largest venules in 50 controls was 76 microns, both in the morning and 
in the afternoon, and for the arterioles 33.2 to 33.8 microns, with a standard 
error on the groups of 2.1 and 1. In the diabetics, the average diameter of the 
venules was 114.5 microns; and in the afternoon it was 103.7 microns. 

There was a statistically significant difference between the diameters of the 
venules in the diabetic compared with the nondiabetic, but no changes in the 
arterioles. Also there was a significant difference between the state of the venules 
in the morning as compared to the afternoon in the diabetics. 

After this we tried to evaluate whether these changes in the venules had 
anything to do with the vascular complication, and for this reason we compared 
a group of 70 healthy children, 69 young diabetics, with no vascular disease, 
with 60 diabetics with vascular disease. 

You see the incidence of venular dilation increased significantly in the group 
with vascular disease. 

Strisower: What is the age of these children, roughly? 

Ditzel: The average of these was about 15 years, approximately the same here, 
and here a little older. 

Van Eck: What is your criterion for vascular disease? 

Ditzel: Retinopathy and nephropathy. Then we tried to evaluate the rela- 
tionship between the changes in the venules to various other parameters, such 
as insulin dose, duration of diabetes, etc. It was found that diabetes of more than 
15 years’ duration usually was associated with venular dilations which could 
not reverse. 

Kinsejl: Is there a level related to the fasting blood level? 

Ditzel : We couldn’t find any relationship to the fasting blood sugar level up 
to 300 mg. per 100 ml. 

Ricketts: Was it related to the postprandial blood sugar since the insulin used 
became most effective in the afternoon? 

Ditzel: There wasn’t very much difference in the average of the blood sugar in 
the morning and in the afternoon. 

Bloodworth: What about the pressure? Was it measured? You used the word 
congestion, which frequently infers pressure elevation. 

Ditzel: We haven’t done anything along that line. I wouldn’t think it is con- 
gestion in the sense that it is an increased pressure, that is for sure. 
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Bloodworth: You did show focal dilation? 

Ditzel: You see that also. As long as you have that general dilation, you see 
the sacculation at the same time occurring in some places. That is just like you 
have it in the retina. But they are much more reversible here in the conjunctiva 
than in the retina. 

Bloodworth: You need to study, then, the local factors concerning the capil- 
laries and venules based on metabolic change, possibly related to diabetes or 
some correlated factor? 

Ditzel: Yes. 

Graef: Does body temperature have any effect on these venules? 

Ditzel: No. They had normal temperature, as far as we know. 

Graef: Diurnal variation. 

Ditzel: Along with these changes in the venules, changes in the appearance of 
the blood flow would be interrupted in the diabetic; this can easily be seen even 
in the arterioles. They become very marked. It becomes very slow, almost 
static, and clumps of blood sediment to the lower side of the vessel. 

Van Eck: What time of the day are those changes? 

Ditzel: Morning and afternoon. A statistically significant association was found 
between the erythrocyte aggregation and the vascular disease, in that it was 
present in 20 per cent in the clinical uncomplicated diabetics, in 38 per cent 
with simple retinopathy, and then, in 90 per cent in those with nephropathy. 
A good correlation was found between the aggregation of the red cells and 
changes in the serum proteins and lipoproteins. 

Leopold: Thank you, very much. 

I am going to ask Dr. Marble if he will summarize, or highlight some of the 
things that have been said since Dr. Levine’s review. 


SUMMARY OF SECOND Day’s SESSION 


Marble: I wish first, on behalf of the conferees, to thank Dr. Stengle and the 
Field Investigations Study Section for the privilege of being here. This is the 
second conference of this type which I have attended in recent months: one on 
prediabetes and this one on retinopathy. I think that this is an excellent type of 
meeting providing, as it does, a grouping of people who have specialized know]l- 
edge in various aspects of a condition and an opportunity for an informal and 
free exchange of information and ideas. 

I wish also to compliment Dr. Leopold, the Chairman, on having kept the par- 
ticipants in line quite well, indeed. He has kept us from the dilemma of the little 
girl who was assigned the task of preparing a review of a book about penguins. 
She wrote her book review and was asked to read it. It consisted of one sentence: 
“T learned more about penguins than I wanted to know.” It is to Dr. Leopold’s 
credit that there were not many of the discussants who got sufficiently off the 
subject so that we learned more than we wanted to know about nonrelevant 
topics. 

Because of the probable close basic relationship of eye and kidney pathology 
in diabetes, the discussion regarding lesions in the glomerulus was interesting 
and valuable. The comments in this area were concerned with the questions as 
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to which glomerular lesions, the diffuse or the characteristic nodular, are the 
initial ones and as to the relationship of these to retinal changes. Dr. Bloodworth 
stated his belief that, although diffuse glomerular sclerosis can be seen in patho- 
logical states other than diabetes, this lesion, rather than the nodular lesion, 
is the initial process. He remarked that diffuse sclerosis had been present in 
every kidney he had seen in which glomerular nodules were demonstrable. He 
regards the diffuse change as the initial, underlying process and finds that in 
almost all kidneys with nodular lesions there is associated arteriolar sclerosis 
and, in the patients concerned, very often hypertension. He continued by point- 
ing out that, on the other hand, diabetic retinopathy can occur without hyper- 
tension and presumably without arteriolar sclerosis. He suggested that there 
might be two processes at work in the kidney and that diffuse glomerular changes 
might be closely related to retinal changes whereas nodular changes may not be. 

The next topic which received general discussion was the possible relationship 
of adrenal cortical function to diabetic retinopathy. Dr. Mortimore reported 
the results of a study of the urinary excretion of 17-hydroxycorticoids and 17- 
ketosteroids in about 40 diabetic patients, both male and female between the 
ages of 17 and 70 years, about half of whom had evidence of retinopathy and 
nephropathy and the other half no clinical evidence of vascular disease. The 
capacity of the adrenal cortex to respond to the standard 8-hour ACTH infusion 
was assessed. The analysis of data was made by dividing the diabetic patients 
into pairs as to sex, age, duration of diabetes, stability or lability of diabetes, 
and control of diabetes (using, however, only the urinary excretion of glucose as 
an index). Dr. Mortimore summarized the findings of the extensive study by 
stating that there was no significant difference in steroid excretion, either base- 
line or following ACTH stimulation, between those patients with and without 
vascular disease. 

Dr. Bloodworth stated that in his experience, the majority of diabetic sub- 
jects have shown definite and unequivocal hyperplasia of the adrenals. It was 
his impression that that is true even in those without marked vascular compli- 
cations. He stressed the point that the combined weight of the adrenals normally 
is only 7 to 11 gm., lower than often appreciated. 

Dr. Becker spoke in defense of the concept that there may be a relationship 
between adrenal cortical activity and retinopathy. He stressed the fact that in 
studies of the urinary excretion of hydroxysteroids, it is necessary to rule out 
certain factors such as ketosis which may influence results. He emphasized the 
variability in steroid excretion among diabetic patients from one time to another. 
He stressed also the importance of selection of cases in carrying out such studies. 
As an example, he stated that in his work, those patients with the earliest 
retinopathy had the most significant differences in every function measured, 
whether this was steroid excretion, response to ACTH or the By tolerance test. 
He emphasized the importance of a truly careful examination of the fundi, 
stating that often an inexperienced observer may miss a whole area loaded with 
capillary aneurysms. 

Referring to his earlier work carried out while at Johns Hopkins, Dr. Becker 
stated that, although he had been able to reproduce renal lesions, attempts to 
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repeat the experimental production of retinopathy in the rabbit had been un- 
successful. In the discussion it was brought out that the retinal vessels of the 
rabbit are quite different from those of man in that they are located almost 
exclusively on the surface of the retina. Dr. Bloodworth suggested eliminating 
the rabbit for retinal studies. 

Dr. Bloodworth stated that in rabbits he and his associates were able to pro- 
duce with relative ease by means of cortisone a lesion in the kidney which, 
apparently on the basis of capillary relaxation and subsequent thrombosis, 
consisted of a dilated capillary loop in which there was a deposition of material 
which contained almost as much lipid as protein. The nonlipid areas stained 
PAS-positive. Such lesions could not be produced in cats or dogs. It was brought 
out both by Dr. Bloodworth and Dr. Becker that the vitamin-antibiotic supple- 
ment often incorporated by manufacturers into animal food prevents to a large 
extent the production of renal lesions in rabbits by means of cortisone. Another 
point of great importance was stressed by Dr. Bloodworth, namely that the 
phenomenon of dilation followed by thrombosis is a transitory one. With con- 
tinuous cortisone treatment, the lesions reach a maximum in 21 to 40 days but 
thereafter decrease and finally disappear. In animals which have had cortisone 
treatment for 3 or 4 months, the glomeruli appear normal. 

Dr. Levine called attention to the curious fact that although about 25 to 30 
per cent of cases of Cushing’s disease reported in the literature have abnormal 
glucose tolerance, the incidence is only 4 to 6 per cent among cases of Cushing’s 
disease artificially produced by ACTH or steroids. 

Dr. Becker stated that in certain human subjects given prolonged steroid 
therapy, he had observed persistent retinal capillary aneurysms. In fact, he had 
seen the experimental production of such lesions only in man. In recent experi- 
mental work he had been unable to produce renal lesions in animals other than 
the rabbit. Rabbits develop a very prompt and marked lipemia when given 
cortisone and there is a close correlation between lipemia and the renal lesion. 
Cortisone-treated animals which lipemia was prevented by heparin did not 
develop renal lesions. 

Dr. Strisower maintained that, contrary to an impression held by some, the 
cholesterol content of the blood serum is not as reliable in indicating suscepti- 
bility to coronary artery disease as are the content and type of lipoproteins. 
Diet influences the lipoprotein pattern and its various components affect dif- 
ferent parts of the lipoprotein spectrum. Rigid control of diabetes has a defi- 
nitely beneficial effect on the serum lipoprotein content. 

Dr. Janes stated that in an extensive study of diabetic animals, chiefly rats, 
he had never seen any microaneurysms. However, of relatively frequent occur- 
rence was hemorrhage into the anterior chamber of the eye. Among the diabetic 
rats Dr. Janes observed in the glomeruli of the kidney capillary dilation and 
diffuse lesions. 

Dr. Van Eck reported that in a series of 14 or 15 diabetic patients followed 
over several years, treatment with a low fat diet (20 gm. a day) often resulted 
in lowering of the blood lipids and regression or disappearance of retinal exu- 
dates and hemorrhages or microaneurysms or both. 















610 SURVEY OF OPHTHALMOLOGY 


Dr. Bloodworth speculated as to the fundamental nature of retinal exudates. 
As a pathologist he sees two types: one found immediately around a micro- 
aneurysm and which is somewhat laminated and stains relatively faintly with 
the PAS stain; the other which is seen in flat preparations as an irregular blob 
and is strongly PAS-positive. The latter are located in various levels of the retina. 

Dr. Hartroft criticized the common tendency to conclude that when material 
stains positively with PAS, it consists of mucopolysaccharide. He stated that 
the material may not have any protein or any carbohydrate in it at all but may 
be only polymerized, unsaturated fat. Dr. Lazarow said that a positive reaction 
to PAS means only that the material in question has two adjacent carbon atoms 
with either two adjacent hydroxy groups or a hydroxy group on one and an 
amino group on the other of the carbon atoms. 

Dr. Kinsell summarized his extensive work on the relationship of plasma lipids 
and the type of fat in the diet. In subjects fed diets containing large amounts of 
polyunsaturated fat, the plasma lipids fall. In patients who, despite good con- 
trol of diabetes, there was progressive retinopathy, a change to a diet containing 
a large amount of polyunsaturated fat was often followed by a tendency to 
absorption of hemorrhages and exudates and disappearance of microaneurysms. 
Dr. Kinsell regards the mechanism of action of the polyunsaturated fats as a 
definitely positive, and not a negative, one. 

Clinical studies of the type carried out by Dr. Van Eck and Dr. Kinsell 
have been, of course, of great interest to all of us in recent years. However, the 
practicing physician finds himself in the dilemma of trying to treat his patients 
with diets very low in fat or rich in unsaturated fats and yet to devise these 
diets so that they will be sufficiently acceptable to the patient that he will follow 
them over years of time. 

Presentation of material obtained by means of electron microscopy is always 
fascinating to me and Dr. Spargo’s slides were no exception. He divided glomeru- 
lar changes in the diabetic roughly into four types: the pathognomonic nodular 
cellular lesions; the nonspecific nodular acellular (exudative) lesions; micro- 
aneurysms; and diffuse lesions. With the electron microscope it is possible to 
differentiate reliably between the different cellular components, the endothelial 
cytoplasm, the basement membrane, and the epithelial cell with its characteris- 
tic foot processes. In diabetic glomerulosclerosis the basement membrane is 
greatly thickened up to five to eight times normal. This thickening is accom- 
panied by dilated capillary loops. In places where the basement membrane is 
attached, there is folding of the membrane giving the appearance of hyaline 
deposits. This finding led to speculation as to the pathogenesis of the nodular 
glomerular lesions and possible transition from diffuse to nodular lesions. Dr. 
Spargo suggested the possibility that the hyaline material which gives the ap- 
pearance of an extraneous deposit between the endothelial cytoplasm and the 
basement membrane might actually represent the folding of the basement mem- 
brane referred to earlier. Dr. Spargo stated his impression that nodular lesions 
may be present as the first sign of diabetes. He mentioned several cases in which 
nodular lesions were shown to be present in the kidney despite a normal glucose 
tolerance and yet, in following these patients it was found that they later de- 
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veloped overt diabetes. This reminded me of a recent conversation with a well 
known physician who stated that kidney biopsy in one of his patients revealed 
nodular lesions despite the fact that all kidney function tests gave results within 
normal limits. 

Dr. Lazarow reported upon the results of a study of 30 diabetic patients in 
which material obtained by renal biopsy was examined by electron microscopy. 
He showed slides demonstrating increase in thickness of the basement membrane 
and apparent throwing of this structure into folds with irregular projections. 
He visualized the formation of nodular lesions composed of the basement mem- 
brane-like material. He urged greater study of the basement membrane itself. 
Dr. Lazarow reported further on work done in his laboratory on isolated kidney 
glomeruli which indicated about a 20-fold increase in the amount of carbohy- 
drate material in the diabetic as compared with the nondiabetic glomerulus. 
Furthermore, the amount of protein is greater in the diabetic glomerulus with a 
22 per cent increase in the hydroxyproline content. (He stated that the hydroxy- 
proline content could be taken as measure of the amount of collagen.) 

Dr. Ditzel spoke of his observations of the bulbar conjunctiva in normal and 
diabetic persons. Characteristic of the diabetic were widening, elongation and 
tortuosity of the venules with at times edema in the surrounding conjunctival 
tissue. In young diabetic patients studied early in the morning, then given a 
depot insulin and re-examined in the afternoon, the venular changes seemed to a 
degree capable of reversibility in that the width was less at the afternoon ex- 
amination. This hint of reversibility in the vascular changes of diabetes following 
insulin gives hope. In this connection should be mentioned Dr. Ditzel’s finding 
that in patients with diabetes of more than 15 years duration, reversal of venular 
dilatation was not seen. Dr. Ditzel commented further that, especially in young 
adults with long-term diabetes, he often saw apparent slowing of blood flow in 
the conjunctival vessels with erythrocyte aggregation (sludging of blood). The 
extent of this type of change varied from a 20 per cent incidence in those with 
clinically uncomplicated diabetes, through 38 per cent of those with only retino- 
pathy and up to a very high incidence in those with retinopathy and neph- 
ropathy. 

Before concluding my summary I wish to make some relevant comments from 
a clinical standpoint. Deserving of discussion is the patient with “brittle” or 
unstable diabetes who so frequently develops retinopathy and other vascular 
complications after 10 or more years of diabetes. I propose for your considera- 
tion the thought that instability reflects a type of diabetes in which the indi- 
vidual possesses little or no capacity to make native insulin. Such a patient is 
almost entirely dependent upon injected insulin, and therefore on the skill of 
the physician and the adaptability of available types of insulin to his particular 
diabetic state. Success in treatment lies in meticulous and individualized atten- 
tion to the details of diet, insulin and exercise to the end that as good control 
of diabetes as possible may be secured. 

This leads me to a discussion of the importance of control of diabetes in the 
minimizing or postponement or prevention of complications. I realize that this 
is a controversial matter and that there are some in the room who believe that 
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the diabetic is predestined, perhaps by heredity, to premature vascular disease 
and that there is not a great deal which can be done to alter the course of events. 
I would like to say a word on the opposite side. 

Even if a tendency to premature vascular disease is inherited, as it may well 
be, along with the tendency to other manifestations of diabetes, I think the 
evidence is overwhelming that careful and consistent control of diabetes from 
the time of diagnosis can delay the onset of serious vascular disease or cause it to 
be less severe. Some will counter by saying that even patients with good control 
of diabetes develop vascular disease. This is true but I would remind you that 
when we speak of control of diabetes we use words such as excellent, good, fair 
and poor. I would like to point out that our grades of excellent, good and fair 
control are all degrees of inadequate control. We never are able to achieve ideal 
control which implies constant attainment of the physiological state. Conse- 
quently, even with so-called excellent or good control, one may expect over years 
of time, a favoring of the development of vascular disease. 

There is another factor which is at work and which must influence the extent 
of vascular disease among diabetic persons. I refer to that which might be termed 
“basic tissue integrity.”” Everyday experience suggests that in certain families, 
the individuals, whether diabetic or nondiabetic, inherit a tendency to early 
and/or extensive vascular disease. In other families, relative absence of impor- 
tant vascular disease is the rule and longevity is common. This factor of tissue 
integrity must have a good deal to do with the ease, or lack of it, with which a 
diabetic develops vascular disease. 

I wish to add to Dr. Striker’s statement regarding the number of those pa- 
tients who have qualified for the Quarter Century Victory Medal which is 
awarded to those persons who, after 25 years of documented diabetes, are free 
from demonstrable vascular disease as shown by absence of retinopathy and 
nephropathy and no calcification in the aorta and vessels of the legs and feet. 
The number has now grown to 90 and this would be much greater were it not 
that the standards are so strict that a single microaneurysm or the tiniest bit of 
calcification by x-ray is disqualifying. The absolutely complete lack of calcifi- 
cation is difficult to achieve in persons over 50 or 55 even though they have no 
diabetes. 

Regardless of other considerations, it is important that in the treatment of 
human patients with diabetes, every effort be made to control the disease in 
the best possible way. There is good evidence to indicate that by so doing one 
may at least minimize or postpone the disabling vascular and nervous system 
complications of diabetes. 

Leopold: Thank you very much, Dr. Marble. 

Stengle: In behalf of the Study Section which has sponsored this meeting, 
our thanks to all of you for your enthusiastic participation. 

I am going to be able to report back to the Study Section—I am sorry they 
couldn’t all be here for themselves—report back to them that I have never seen a 
better example of the value of bringing people of various disciplines together to 
discuss the problem which concerns them all from various aspects. 

So, many thanks to you all. 
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IBSERVATIONS ON PATIENTS WITH DISEASES INVOLVING THE 
MACULA 


turH E. Fasritrivus, M.D.* 
Wills Eye Hospital, Philadelphia 30, Pennsylvania 


INTRODUCTION 

The senile macular degenerations as described by Otto Haab about 70 years 
go are usually considered to occur on the basis of vascular insufficiency, namely 
he sclerosis of the choriocapillaries leaving room for the assumption that ‘“‘many 

of these’? as Leopold! stated are ‘hereditary diseases which in the same family 
nay show the appearance from a pigmented chorioretinopathy to the exudative 
rm of senile macular degeneration. Different types of senile macular degenera- 
on may be found in the same family, they may be part of the same fundamental 
esion. It might be that they have a common denominator such as the predisposi- 
ion to abnormal lipid metabolism or atherosclerosis.” 

Bedell? stated that the appearance of the fundus in macular disease shows an 
imazing variety. Following trauma there may be a rupture of the choroid, a hole 
n the macula, or a retinochoroiditis with irregular deposits of pigment on a de- 
pigmented background. Choroidal sears of former choroiditis may closely re- 
semble senile changes by their irregular pigmentation but there are clinical 
differences in the appearance of these lesions and in the retinal vessels. A severe 
retinochoroiditis may leave a large, circumscribed region with scattered pigment 
ind markedly sclerosed choroidal vessels. In high myopia, retina and choroid are 
so stretched that macular destruction or retinal tears may result or regional ab- 
sorption of the choroid may result with subsequent pigmentation. Following the 
thrombosis of one of the retinal veins the blood may reach the macula and after 
i short time the appearance may resemble that of typical senile degeneration. 
lollowing a simple round, red macular hemorrhage, resolution might be com- 
plete, or might leave an area of pigmentation. Aware of the difficulties in differ- 
ential diagnosis of these lesions—alterations being so numerous and so varied in 
uppearance as to the size, color and form—an attempt has been made to include 
in the group of macular lesions due to vascular insufficiency only those cases 
which, according to history and clinical appearance, were felt to resemble most 
closely the picture of senile macular degenerations as described by Otto Haab. 

The capillary changes in diabetes mellitus are widespread and the relation 
between the metabolic disturbance and the vascular degeneration is not known. 
itzel® concluded that since the capillaries show the first and probably the purest 

* Special fellow in Ophthalmology (BT-539) National Institute of Neurological Diseases 
ind Blindness, National Institutes of Health. 
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form of any vascular abnormality and since it appears that the smaller bloox 
vessels and arterial bloodflow in the bulbar conjunctiva are at least representa 
tive of the subcutaneous vascular system and its hemodynamics further investi 
gation of the problem of vascular degeneration may be approached through thy 
study of the conjunctival vessels. The state of the circulating blood is a functio: 
of the composition of the blood plasma, the number of blood corpuscles and thei 
structure and distribution within the plasma. The stability of the blood cells 

a suspension depends on the colloidal constituents of both the cells and th 
plasma. In general any changes in the normal protein pattern will cause aggregs 
tion of the blood cells. Most hypotheses concerning the pathogenesis of capillar 

changes in diabetes can probably be expressed as an impairment of the bloo 
circulation in the terminal peripheral vascular system leading to prolonged su! 

oxidation and subnutrition of the endothelium. Ditzel and Moinat* in 195; 
observed intravascular erythrocyte aggregation and bloodflow changes in con 
junctival vessels in diabetic subjects. These changes could be correlated with the 
serum lipid proteins. There is evidence that various therapeutic approaches wil 
reduce cholesterol or create a favorable lipoprotein ratio in the blood, it has not 
been established that they will favorably influence atherosclerosis, coronary 
atherosclerosis or retinal choroidal vascular selerosis nor has it been definitely 
shown that vascular sclerosis in the ocular vessels is the primary factor in the 
production of macular degeneration. 


PROBLEM 


In this study an attempt has been made to approach these complex problems 
by subjecting a number of patients with diseases involving the macula to tests 
and examinations designed to arrive at conclusions regarding the question o 


vascular sclerosis in the ocular vessels and thus theoretically diminished blood 
supply to the macular area. Attention was also paid to the question of an abno1 
mality of lipid metabolism as being of pathogenetic or of diagnostic significanc: 
in subjects with senile macular degeneration and lastly an attempt was made t: 
answer the question: are there are any changes in the appearance of the con 
junctival vessels or the blood flow through the conjunctival vessels in subject- 
with senile macular degeneration which might be of diagnostic significance and 
can these changes be correlated with changes in the serum lipid proteins. 


Materials and Methods 


This study includes 100 subjects, 40 subjects with senile macular degeneration 
35 subjects with diseases involving the macular region of the eye and 25 norm: 
subjects. 

Almost two-thirds of the cases with diseases involving the macula were D1 
I. H. Leopold’s private patients. The remaining cases were selected from out 
patient clinics and hospital wards of Wills Eye Hospital. The control subject 
were selected from the Refraction Clinic of Wills Eye Hospital. 
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DISEASES INVOLVING THE MACULA 


Diseases of the macula were grouped as follows: 


Group 





I. Patients with senile macular degeneration 
Vascular insufficiency 
1. Sclerosis of choriocapillaries (Otto Haab) 


a. Senile 


II. Patients with all other diseases involving the macula 
Bir Ih, doen ot alae waar gy Cub claw ne wi nce Me eae 
B. Subsequent to inflammation 
1. Chorioretinitis with macular involvement, old, healed 
2. Central chorioretinitis, acute 
C. Subsequent to acute exudate inflammation of macula itself—macular choroid 


D. Heredomacular degeneration or abiotrophy (without neurological defects) 
1. Juvenile heredodegeneration 
2. Atypical retinal degeneration with macular involvement 
3. Retinitis pigmentosa with macular involvement 
E. Morphological variations of unknown cause 
1. Kuhnt Junius disciform degeneration 
2. Myopic degeneration with macular involvement 
3. Cystic degeneration (nontraumatic) 
4. Colloidal degeneration 
F. Central serous retinopathy 
G. Central serous retinopathy, old, healed 


III. Patients with normal eye findings (normal adult controls) 


There were 40 subjects in Group I; 18 female and 22 male. The age ranged 
from 51 to 88 years. In 26 subjects the macula of both eyes were affected, in 14 
subjects the macula of one eye was affected. The depression of vision in this 
group ranged from 6/9+2 in a patient with early senile macular degeneration to 
finger counting in a subject showing the later stage of the degenerative process 
with marked exposure of sclerosed choroidal vessels. 

There were 35 subjects in Group II; 14 female and 21 male. The age ranged 
from 35 to 75 years. One patient, age 15, has been included in this group. The 
depression of vision ranged from 6/9—3 in a subject with old healed central 
serous retinopathy to hand movements in a subject with disciform degeneration 


of the macula. 


There were 25 normal control subjects in Group III (patients with normal eye 
findings): 15 female and 10 male. Their age ranged from 41 to 73 years. Their 
eye findings were normal except for refractive error and they were in supposedly 
good health at the time of examination. 

Ophthalmic and medical history was obtained on all patients and controls and 


a complete eye examination done including the testing with Haidinger brushes 
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and the determination of the retinal artery pressure. The purpose of the Haid- 
inger brushes test was the detection of early macular changes in the uninvolved 
eye of subjects with monocular disease of the macula or in normal control sub- 
jects. Early macular changes before reaching the point of interfering with visual 
acuity or being visible ophthalmoscopically could not be shown with certainty 
in patients of this study. Patients with monocular disease of the macula did 
recognize the brushes with the uninvolved eye as did the normal control subjects 
with both eyes, although in some cases information did not seem too reliable. 

The Baillart ophthalmodynamometer has been used in this study and the direct 
readings in grams have been recorded. The retinal artery pressure was measured 
with the patient in supine position, the pupils being dilated with cyclogel 1 per 
cent; ophthaine 0.5 per cent was used for local anesthesia. 

The purpose of the determination of the retinal artery pressure was to find any 
difference in retinal artery pressure in the eye with disease involving the macula 
in comparison to the unaffected eye; to find any difference in retinal artery pres- 
sure in Group I in comparison to Group II or Group III; to find any relation be- 
tween systemic blood pressure, intraocular pressure, and retinal artery pressure 
in subjects in either one of these groups and lastly to find any possible correlation 
between calcifications of the internal carotid arteries and retinal artery pressure. 

The results of the determination of the retinal artery pressure as shown in 
figures 1, 2, and 3, showed values for diastolic pressure ranging between 14 gm. 
and 62 gm. and for systolic pressure values ranging between 76 gm. and 142 gm. 
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Fig. 1. Retinal artery pressure in patients with senile macular degeneration 
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Fig. 2. Retinal artery pressure in patients with diseases involving the macula 


in Group I; in Group II diastolic pressure readings between 10 gm. and 50 gm. 
and systolic pressure readings between 80 gm. and 135 gm. The readings in 
Group III were between 22 gm. and 53 gm. for diastolic and between 80 gm. and 
138 gm. for systolic pressure. 

It was noted that the variations in retinal artery pressure readings were more 
marked within the above mentioned limits in Group II and III while readings in 
Group I showed more similar values. It was also noted that the average range 
between systolic and diastolic retinal artery pressure readings was slightly larger 
in Group I and Group II. This difference was mainly due to slightly lower dias- 
tolic readings. There was no relationship between intraocular pressure, systemic 
blood pressure and retinal artery pressure in either group which could lead to 
conclusions of any significance for the subjects in Group I. 

X-ray examinations for calcifications of the internal carotid arteries showed 
the following results: 

1. In Group I, 26 out of 37 subjects showed bilateral calcifications of the inter- 
nal carotid arteries in the sellar areas; 11 out of 37 subjects did not show calci- 
fications of the internal carotid arteries. 

2. In Group II, 13 out of 35 subjects showed bilateral calcifications of the 
internal carotid arteries in the sellar areas, 20 out of 35 subjects did not show 
calcifications of the internal carotid arteries. 

3. In Group III, 7 out of 25 subjects showed bilateral calcifications of the 
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Fig. 3. Retinal artery pressure in normal controls 


internal carotid arteries in the sellar area, 1 showed suspicious calcifications, 1 
showed faint calcifications; 15 out of 25 subjects did not show calcifications of the 
internal carotid arteries. 

No significant correlation between retinal artery pressure and calcifications 
of the internal carotid arteries could be found in comparison of subjects within 
one group or in comparison of subjects between the three groups. 

The serum cholesterol level was determined in almost all of the subjects. 
Scattergrams show that the distribution in Group I was mainly between 250 and 
350 mg. per 100 ml., in Group II between 200 and 300 mg. per 100 ml. while in 
the group of controls the distribution was more scattered, ranging from 110 mg. 
per 100 ml. to 350 mg. per 100 ml. It was found that when calcifications in the 
internal carotid arteries were present, the serum cholesterol reading was most of 
the time in the upper limits of normal. Calcifications of internal carotid arteries 
and the relationship to the cholesterol level in patients of the three groups is 
demonstrated in figure 4. 

The conjunctival vessels being superficial and parallel to the surface make it 
possible to observe the flow of blood from the arterioles through the capillaries 
and into the venous channels without the interruption or loss of detail. 

Certain characteristics of the vascular and hemodynamic pattern supposedly 
define the normal blood flow in healthy individuals.’ The blood flow appears to 
be homogenous, partly because of an even suspension of single erythrocytes and 
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Fic. 4. Evidence of calcifications in internal carotid arteries and correlation to choles- 
terol level in patients with senile macular degeneration (Group I), in patients with all 
other diseases involving the macula (Group II) and in normal controls (Group III). 


partly because of the high flow velocity. The erythrocytes pass through the 
capillaries singly or in single file. The ratio between the diameter of the branched 
arterioles and the accompanying large collecting venules in the bulbar conjunctiva 
is relatively constant, being 1:3 to 1:2. No tissue edema is microscopically 
visible. 

The technique employed in this study for observation on conjunctival vessels is 
as follows: The bulbar conjunctiva in each eye was examined at different sites 
with a slit-lamp microscope in a manner similar to that used in routine oph- 
thalmological practice (magnifications used were 32 and 40x). After establish- 
ing that conjunctival disease per se was absent, observations on the conjunctival 
vessels were made and the grading described by Ditzel and Moinat* was used to 
record the findings. Observations were made in corresponding areas on both 
eyes and determination of the AV ratio was done on several pairs of vessels. 
Figure 5 shows presence and degree of intravascular erythrocyte aggregation in 
number of patients in each group. Figure 6 shows the AV ratio of conjunctival 
vessels (graded as 1:2; 1:2-1:3, 1:3-1:4) in number of patients in each group. 

In conjunctival vessels containing aqueous humor, the erythrocytes can appear 
aggregated, 7.e., a column of clear fluid (aqueous humor) may be stratified with 
erythrocytes. In recognition of this possibility, especially in the region of the 
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INTRAVASCULAR ERYTHROCYTE AGGREGATION 
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Fig. 5. Intravascular erythrocyte aggregation in number of patients with senile macular 
degeneration (Group I), in patients with diseases involving the macula (Group IT) and in 
normal controls (Group III). For explanation of grading see text. 


corneoscleral limbus, care was taken to make observations in different areas of 
the conjunctival vascular bed further away from the corneoscleral limbus. 

The gradation of erythrocyte aggregation based on microscopic observations 
at magnification 48x is as follows: 


Grade 0: Completely unaggregated, homogenous rapid blood flow. 

Grade I: The flow in the larger conjunctival vessels appears homogenous but 
the flow in the small venous channels appears granulated. 

Grade II: Aggregation in the smaller venules with intermittent aggregation in 
the larger ones and in the capillaries. The flow in the arterioles has a ho- 
mogenous appearance. 

Grade III: Aggregation is present in all small blood vessels. The aggregates may 
be seen separated by clear spaces (plasma). The linear rate of flow of erythro- 
cytes is considerably decreased in most small vessels. 


In this study the grading II to III which was noted in a larger number of subjects 
means that the findings were those described in Group II but the linear velocity 
of blood flow seemed markedly reduced in the arterioles. 

1. In Group I intravascular erythrocyte aggregation was noted in all but 5 
subjects ranging between Grade I and Grade II to Grade II-III. Grade III ag- 
gregation was noted in two subjects, one with liver disease and one age 77. 

2. In Group II all subjects but 15 showed intravascular erythrocyte aggrega- 
tion, mainly Grade I. One patient showed Grade II-III aggregation. One patient 
(tuberculosis of the lung) showed Grade III aggregation. 
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AV RATIO of CONJUNCTIVAL VESSELS. 
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Fic. 6. AV ratio of conjunctival vessels (graded 1:2, 1:2-1:3, 1:3-1:4; magnification 
40 X) in number of patients in Group I (senile macular degeneration) in Group II (all 
other diseases involving the macula), in Group III (normal controls). 


In Group III aggregation was found in 8 subjects, Grade I in 5 and Grade II 
in 3 subjects. Fragmentation of the blood column in capillaries was noted in a 
fairly large number of individuals. The capillaries are cylinders and cellular 
detail can be identified whenever the velocity of flow decreases, which occurs in 
health when terminal arterioles constrict or when arteriovenous anastomosis 
open. Under the above circumstances all of the formed elements of the blood 
remain single and cellular aggregation is absent. This finding was therefore 
considered normal. 

The network of the conjunctival vessels in older subjects became progres- 
sively more irregular. Wavy irregularities in the venules were more frequent as 
was capillary tortuosity. No tissue edema was noted. Hyaline infiltration appear- 
ing as a grayish or slightly yellowish spot in the perivascular tissue was found in 
some distance from the limbus in some of the older subjects and interpreted as 
senile change. Irregularities in the configuration of the terminal arterioles were 
probably evidence of arteriosclerosis. It was found fairly consistently in Group I 
and was persistent and related to age in the two other groups. 

In about one-half of the subjects in each group blood sugar determinations and 
urinalysis were done in order to find evidence of diabetes mellitus which might 
affect the status of the conjunctival vessels. These tests were essentially negative. 

Elevation of the blood sugar level was found in 4 patients with diabetes mellitus 
being under treatment. Wasserman test was negative in all but one patient who 
was a diabetic with a fasting blood sugar reading of 134 mg. The sedimentation 
rate was done in order to show any existence of a relationship between intravas- 
cular erythrocyte aggregation and elevation in sedimentation rate. The findings 
were essentially within normal limits. When slight elevations were present, 
erythrocyte aggregation of varying degree was found to be present. 

In almost all subjects serum proteins were fractioned by paper electrophoresis 
in order to detect changes in the blood plasma protein pattern; the possible 
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relationship between these changes and atherosclerosis as well as the relationship 
between intravascular erythrocyte aggregation and blood flow changes in con- 
junctival vessels in subjects of this study were sought. The electrophoretic 
patterns as shown on scattergrams (figs. 7, 8, 9) did not reveal any pattern which 
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Fig. 7. Scattergram of serum protein pattern in patients with senile macular degenera- 
tion and correlation to sludging in conjunctival vessels. 
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Fic. 8. Scattergram of serum protein pattern in patients with diseases involving the 
macula and correlation to sludging in conjunctival vessels. 
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Fig. 9. Scattergram of serum protein pattern in control group and correlation to sludging 
in conjunctival vessels. 


could be interpreted as being significant for a relationship between presence and 
degree of sludging and electrophoretic pattern of serum proteins; especially 
looked for were changes in albumin to globulin ratio and elevation in 8-lipoprotein 
fractions. The pattern in subjects of all the three groups was quite similar 
and neither could any conclusions be drawn by correlating serum cholesterol 
level, calcifications in internal carotid arteries or the results of the measurement 
of the retinal artery pressure in comparison of subjects of either group. 


CONCLUSIONS 


1. Variations in retinal artery pressure in subjects of Group II and Group III 
were more marked than in patients with senile macular degeneration which 
showed more similar values. The range between systolic and diastolic retinal 
artery pressure readings was slightly larger in Group I and II than in Group III; 
this difference was mainly due to slightly lower diastolic readings in Group I and 
Group IT. 

2. No significant correlation between retinal artery pressure and presence of 
calcifications in the internal carotid arteries could be found. Evidence of calcifica- 
tions in the internal carotid arteries increased with age in subjects within each 
group. 

3. When calcifications in the internal carotid arteries were present the serum 
cholesterol level was in the upper limits of normal in subjects within each group 
regardless of age. The average serum cholesterol level was highest in subjects of 
Group I and presence of calcifications in internal carotid arteries was more 
frequent in Group I. 

4. Observations on conjunctival vessels showed intravascular erythrocyte 
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aggregation to a marked degree in the subjects with senile macular degeneration 
in comparison to those of the two other groups. Individuals with diseases in- 
volving the macula in Group IT showed more frequent aggregation than those of 
the control group. Aggregation was found in supposedly healthy individuals. 

5. Electrophoretic estimations of the serum proteins did not reveal any signifi- 
cant change in pattern which could be correlated with presence and degree of 
intravascular erythrocyte aggregation in individuals within this group studied. 
The linear velocity of blood flow was reduced in subjects with intravascular 
erythrocyte aggregation. 

6. When the sedimentation rate was increased intravascular erythrocyte 
aggregation was present. 

7. Observations on the topography of the conjunctival vessels were those 
usually encountered in advanced age in subjects with senile macular degenera- 
tion. The same changes were related to age in individuals in the two other groups. 

The AV ratio did not show any significant deviation from the normal ratio 
of 1:2 or 1:3 in either group. 


DISCUSSION 


The blood reaches the eye by way of the internal carotid artery. The oph- 
thalmic artery is the direct branch of the internal carotid artery and the two sepa- 
rate and independent systems, 7.e., the retinal and the uveal circulation which 
supply the eye, both come directly from the ophthalmic artery. The blood supply 
of the fovea is assumed to come entirely from the choriocapillaries of the choroid. 
In the posterior region of the choroid sclerotic changes are common and most 
especially marked; the foveal region, directly involved in such choroidal changes, 
leads to degenerative changes as direct consequence of arteriosclerotic disease. 

The pressure in the retinal and uveal arteries is probably higher than in most 
peripheral vessels; the internal carotid artery constricts immediately after giving 
off the ophthalmic artery providing a high pressure in the ophthalmic artery 
which is short and delivers the blood to the eye only a short distance from the 
internal carotid artery. The circulation in the eye probably takes place at a con- 
siderable high pressure level.® 

The retinal blood pressure can be measured by ophthalmodynamometry. 
Duke-Elder in 1926,’ called attention to the fact that the readings obtained by 
pressure on the eye, as in Baillart’s method, indicate the lateral pressure in the 
ophthalmic artery and not in the branches of the central retinal artery as claimed 
by Baillart® and he stated that the figures obtained have merely a comparative 
and no absolute significance and can give no indication whatever of the pressure 
in the branches of the retinal artery, nor of the relation between the blood pres- 
sures in the eye and the intraocular pressure. Adler® agrees with these statements. 
He states that, as pressure on the globe increases venous pressure increases 
through obstructing flow of blood from the eye and this spreads back into the 
arterial side of the circulation, the pressure builds up to the level of that in the 
main feeding artery, the ophthalmic. He concludes: ‘On theoretic grounds, 
therefore, the method is not measuring the pressure in the central artery of the 
retina, but the level of pressure somewhere between this artery and the oph- 
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thalmic artery depending on how rapidly the measurements are taken. The 
method may have value in affording comparative figures but it cannot yield 
exact values on which calculations can be based for physiological purposes.” 
In the United States at present, the ophthalmodynamometer is used largely for 
comparing the retinal arterial pressure in the two eyes or for comparing the 
retinal arterial pressure in the same eye before and after surgical procedures on 
the carotid arteries in the neck. It is universally accepted that the dynamometer 
measures the pressure in the ophthalmic artery and hence indirectly the pressure 
in the other intracranial branches of the internal carotid artery.® 

There has always been considerable disagreement as to the actual height of the 
retinal artery pressure in normal individuals. Wood and Toole’ state that the 
measurements are simply arbitrary units of extraocular pressure, varying in 
significance from individual to individual and that there are no sharp limits of 
so-called normal values. Most systolic pressures will fall between 60 and 130, the 
diastolics between 20 and 70, but values beyond these limits are not abnormal 
per se. 

Schiff-Wertheimer" thought that measurement of the retinal artery pressure 
may help to distinguish between hypertonic and organic changes in the walls of 
the retinal arterioles. She thought that relative retinal hypotension indicated a 
loss of retinal arteriolar tone and might indicate that onset of retinopathy or the 
imminence of cerebral complications. Weigelin™ states that local vascular altera- 
tions in the eye do not affect the dynamometer readings but alterations in the 
carotid supply affect it greatly and by virtue of this finding he concluded that 
ophthalmodynamometry is useful in obliterating diseases of the common or 
internal carotid artery or its larger branches and in cerebrovascular sclerosis. 

The cerebral circulation has always been compared with the circulation in the 
eye. In disorders affecting the circulation of the internal carotid artery the 
retinal artery pressure in the eye at the affected site is lower and differences in 
appearance of the conjunctival vessels of the eyes have been reported." Altera- 
tions in the bulbar conjunctiva on the side of the occlusion featured dilation of 
arteries and arterioles, veins and venules, a relative paucity of the minute vessels 
and decreased velocity of the blood flow in all visible vessels. It was inferred that 
these alterations were due to the effects on the vascular wall of ischemic hypoxia 
resulting from an insufficient blood supply resulting from poor filling of these 
vessels because of the low blood pressure in the ophthalmic artery. 

X-ray examination of calcified blood vessels in the body is an indirect method 
of studying atherosclerosis. It was felt that it might be of interest to know if 
evidence of arteriosclerosis in form of calcifications in the internal carotid artery 
close to the origin of the ophthalmic artery might affect the retinal blood pressure 
and if any correlation could be found with changes in appearance of the con- 
junctival vessels in subjects of either group. Furthermore in skull roentgenograms 
the findings of premature calcifications of the cavernous portion of the internal 
carotid artery, projecting over the sella supposedly suggests the diagnosis of 
diabetes in addition to such states as tertiary lues.™ 
This study did not reveal any significant relationship between calcifications 
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of the internal carotid artery, retinal blood pressure, intraocular pressure and 
appearance of the conjunctival vessels. 

The so-called senile changes which affect the eye include sclerosis of blood 
vessels, fatty infiltration, hyalinization of connective tissue, calcareous degenera- 
tion, and other degenerative and proliferative changes which seem unrelated to 
any specific general or local disease.* It is quite possible that these lesions are 
indirect results of arteriosclerosis, either local or generalized or that both arterio- 
sclerosis and the ocular lesions are part of the same general degenerative process. 
Fatty infiltration of the eyeball is seen to some extent in all old persons but is 
especially prominent in those with diabetes and arteriosclerosis. Attempts have 
been made to establish a correlation between increased blood lipid content, 
especially an increase in the cholesterol content of the blood, and the deposits of 
lipoid substances in various parts of the eye. It has been found that when rabbits 
are fed on diets of high cholesterol content, a ring opacity develops which is 
analogous to arcus senilis normally seen in elderly persons. The choroidal arteries 
and arterioles share with those of the spleen the property of showing hyaline 
thickening and sclerosis of their media in the absence of generalized vascular. 
This change makes its appearance in the choroid in the fifth decade of life and 
increases progressively thereafter. No functional changes in the choroid have 
been correlated with this phenomenon but it would seem possible that some of 
the senile and presenile chorioretinal degenerations, which not infrequently have 
been observed in the absence of generalized vascular sclerosis, may be related to 
this local vascular change. For many years there have been attempts to relate 
atherosclerosis to some abnormality in plasma lipids, particularly to hyper- 
cholesterolemia."* Belief in the possibility of such a relationship arose in part from 
the observation that the lipid composition of the intima of arteries resembles that 
of the blood plasma, suggesting that the lipids may pass from the latter to the 
former. Moreover it was shown that atherosclerosis develops in rabbits in which 
hypercholesterolemia had been induced by feeding cholesterol. This disease has 
been observed in chicks and dogs with experimentally induced hypercholestero- 
lemia. It is also true that the incidence of atherosclerosis is unusually high in 
certain conditions in which the plasma cholesterol concentration tends to be 
elevated for prolonged periods, e.g., diabetes mellitus, nephrosis, and familial 
hypercholesterolemia (lipemia). On the other hand, there have been many ob- 
observations that suggest the lack of relationship of cause and effect between 
hypercholesterolemia and clinical atherosclerosis. 

It has been reported that there is a relative and absolute increase in the 
concentration of 8-lipoproteins, and therefore, a decrease in the a:8 ratio in 
subjects with atherosclerosis and also those with predisposing conditions, e.g., 
nephrosis and diabetes mellitus. In this study no significant pattern in serum 
electrophoretic studies of the serum proteins could be correlated with presence of 
intravascular erythrocyte aggregation but the average cholesterol level in sub- 
jects with senile macular degeneration was higher than in individuals of the two 
other groups and higher cholesterol values could be correlated in subjects of all 
groups with calcifications of the internal carotid arteries. 

The conjunctiva is supplied by branches of the ophthalmic (medial palpebrals) 
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and lacrimal arteries which are the main blood supply of the lids. In addition to 
this, the anterior ciliary arteries send branches to the conjunctiva as they travel 
along the tendons of the recti muscles. These anterior conjunctival vessels anasto- 
mose with the posterior conjunctival vessels to form a pericorneal plexus just 
before they enter the globe. The conjunctival portion of this plexus forms a super- 
ficial layer of vessels which branches irregularly and is freely movable; the 
deeper portion is situated in the episcleral tissue. 

When blood cells are agglutinated into masses the blood changes from its 
normal relatively fluid state to that of a so-called circulating sludge. The agglu- 
tination affects the gas exchange in an unfavorable manner and the agglutinated 
blood cell masses may act as emboli. Because of the importance of the capillary 
circulation in all physiological and pathological processes observations on con- 
junctival vessels have been made for many years in order to learn more of the 
role of the capillaries in human disease. Bloch" believes that changes which are 
observed in the conjunctival vessels are similar to those which take place in 
other small vessels of the body. 

Aggregation in vivo of red cells has been known since 1852. Bloch describes the 
microscopic circulation in man as seen in the bulbar conjunctiva in health and 
disease. Over 3000 patients were studied: both sexes, different races, and from 
infancy to old age. He concluded that from the anatomic arrangement of the 
blood vessels and from the mechanical mixing of the blood in the heart and lungs 
that the consistency of the arterial blood which goes to the head and especially to 
the bulbar conjunctiva is identical with the arterial blood sent to the rest of the 
body. He felt that the consistency of the blood in capillaries and venules in the 
bulbar conjunctiva does not necessarily reflect the same degree of change as that 
in all the other capillaries and venules throughout the body which are at the site 
of pathological processes and concluded that the mechanical consistency of the 
arterial blood in the bulbar conjunctiva accurately reflects the average mechani- 
cal consistency of the arterial blood throughout the body. 

“Sludged blood,” in summary, is defined” as the sticking together of red cells, 
white cells or platelets and/or an increase in the viscosity of the plasma or any 
combination of these factors which results in making the blood more difficult to 
pump through the vessels. As a consequence the rate of flow decreases and 
excessive plasma fluid consisting primarily of blood colloids is lost through the 
walls of venules into the tissue. As a result the walls of blood vessels do not re- 
ceive adequate nourishment and they lose their healthy configuration. 

Bloch points out intravascular erythrocyte aggregation is usually present to 
some extent in the majority of disease processes studied to date. The most rigid 
erythrocyte aggregation being produced by extensive infections. 

Ditzel and Moinat* in 1957 observed in diabetic and nondiabetic pregnant 
individuals intravascular erythrocyte aggregation and blood flow changes in 
conjunctival vessels. These changes could be correlated with the serum lipid 
proteins. It has been established that changes take place in the plasma protein 
distribution in diabetics with and without vascular disease. The accumulation of 
lipids in the vascular lesions of the diabetics and the possible relationship between 
changes in lipoproteins and atherosclerosis make these observations interesting. 
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For many years the conjunctival vessels in diabetics have been closely studied. 
Ditzel and co-workers* have reported changes in diabetics, the more important 
were those of angularity and tortuosity of the capillaries and venules and high 
ratio between the diameter of the venule and that of the corresponding arteriole, 
fusiform dilations of the venules and perivascular edema. AV ratios were given 
as 1:2, 1:3, 1:4. 

Beck" and co-workers reported a comparative study of VA ratios determined 
quantitatively in a series of patients with diabetes of shorter or longer duration 
and in a control group. The bulbar conjunctiva was photographed by a standard- 
ized experimental setup in 68 diabetics and 24 nondiabetics. The arterioles and 
accompanying venules were measured on the photographs by means of a 
measuring microscope, following which the VA ratios were calculated. 
Statistical analysis of the numerical material obtained showed ‘that high VA 
ratios were more frequent in diabetics than in nondiabetics. Ditzel and Sagild" 
found VA ratios over 3:1 in 48 per cent of young, in 28 per cent of middle aged 
and in 6 per cent of older diabetics. In control subjects ratios over 3:1 were 
never observed. 

In this study alterations in appearance of the conjunctival vessels were mainly 
related to age and intravascular erythrocyte aggregation with reduced velocity 
of blood flow was found to be marked in subjects with senile macular degeneration. 
No significant changes in the AV ratio could be detected. In the few hypertensive 
subjects in this group the above described changes were noted as well as in- 
creased angularity and tortuosity of the capillaries and venules in diabetes. 


SUMMARY 


1. Seventy-five patients with diseases involving the macula and 25 normal 
healthy adults were subjected to tests and examinations designed to arrive at 
conclusions in respect to insufficiency of the blood supply to the eye, evidence of 
arteriosclerosis and changes in conjunctival vessels in subjects with senile 
macular degeneration in comparison with other subjects with diseases involving 
the macula and with normal controls. 

2. The range between systolic and diastolic retinal artery pressure readings 
was larger in subjects with senile macular degeneration and those with diseases 
involving the macular region than in normal controls—this difference mainly 
being due to lower diastolic pressure readings in the first two groups. Variations 
in retinal artery pressure in subjects of Group II and Group III were more 
marked than in patients with senile macular degeneration which showed more 
similar values. There was no relationship between intraocular pressure, systemic 
blood pressure and retinal artery pressure in either group which could lead to 
conclusions of any significance. 

3. Evidence of calcifications in the internal carotid arteries was more frequent 
in subjects with senile macular degeneration than in other individuals and could 
be correlated with a higher cholesterol level. There was no correlation of signifi- 
cance between the presence of calcifications in the internal carotid arteries and 
retinal artery pressure. 

4. Intravascular erythrocyte aggregation was marked in individuals with 
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senile macular degeneration and was more frequently found in subjects with 
other diseases involving the macula than in the control group. No relationship 
could be found between changes in serum protein pattern and presence and degree 
of intravascular erythrocyte aggregation within the group studied. When the 
sedimentation rate was elevated aggregation was present. Aggregation was found 
in some of the healthy individuals. The degree of aggregation appeared to 
determine the velocity of the blood flow. 

5. No vascular pattern in the arrangement of the conjunctival vessels was 
found that would be of diagnostic significance for senile macular degeneration. 
The changes encountered were those usually seen in old age. Calcification in the 
internal carotid arteries did not seem to have any specific bearing on the appear- 
ance of the conjunctival vessels. The AV ratio did not show any significant 
deviation from the normally found ratio of 1:2 or 1:3 in either group. 


Acknowledgment. I wish to thank Dr. I. H. Leopold for stimulating advice and express 
my appreciation to all those at the Wills Eye Hospital whose assistance has helped to make 
this study possible. 
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PIGMENTATION AND COLORATION OF THE LENS 


Tuomas H. Cowan 


Philadelphia, Pennsylvania 


Color in the lens has interested ophthalmologists since the beginning of the 
18th century, when Maitre Jean in 1707 and Freytag in 1721 wrote on cataracta 
nigra. This interest has persisted, and the advent of the slit-lamp, allowing the 
visualization of more subtle color changes in fascinating detail, has further 
stimulated the publication of a surprisingly large literature, although scattered 
through many sources. Analysis suggests that pigmentary and color changes 
of the lens may be classified as follows: 

I. Pigment lying on the lens capsule 

A. Anterior capsule 
B. Posterior surface 
C. Periphery 

II. Endogenous pigmentation of the lens 
A. The yellow-brown pigment of the lens 
B. Axial pigmentation of the lens (anterior axial pigment stippling of the 

lens suture, Vogt) 

III. Color phenomena in the lens 
A. The yellow color of the posterior capsule 
B. Iridescence of the lens 
C. Colored opacities of the lens 

IV. Exogenous pigmentation of the lens 
A. Heavy metals 
B. Blood 


PIGMENTATION OF THE CAPSULE 


Anterior capsule. Congenital pigment deposits, granules derived from degener- 
ated chromatophores, and synechiae, which may be seen on the anterior capsule, 
are so familiar that no attempt will be made to describe them. Melanin, originat- 
ing in the uveal melanocytes, is the pigment in all of them, but although it is 
assumed that this melanin is all of the same composition, this is by no means 
certain. Many kinds of melanin are known to differ in their precursors, degree of 
oxidation, the protein aggregates to which they are conjugated, and the arrange- 
ment of the protein-melanin granules in the cells and tissues.! The diverse be- 
havior or appearance of melanin in the anterior capsule of the lens may be, in 
part, due to such differences. For instance, the color of the melanin granules 
deposited on the lens from the iris border is lighter in color and brighter than 
that seen when a synechia of the uveal layer of the iris is stripped from the lens. 
The latter can, however, become lighter with time, suggesting a rearrangement 
of the granules in the tissues. Differences in the melanin granules of the eye may 
be discerned by using the illumination method of Ciba.? Melanin may be present 
on the anterior lens capsule in the form of extracellular granules, or within 
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phagocytic cells; this type of pigmentation tends to disappear from the lens, 
probably finding its way to the angle via the aqueous. On the other hand, deposits 
of uveal pigment contained in fibrous tissue tend to retain the rounded shape of the 
original synechiae. The assumption of star shapes and proliferation over the 
anterior capsule of a normal lens, over an after-cataract, or even the anterior 
hyaloid, suggest the presence of uveal melanocytes which are remarkable for their 
proclivity to proliferate in tissue culture and in the eye as well. Heavy deposits of 
these may, in time, form a close network over the pupil and may in some cases 
cause a diminution in visual acuity although this is unusual. In an occasional 
case, the “pinhole effect’’ of an interstice through the mat of pigment stars may 
actually improve the uncorrected visual acuity. 

At the periphery of the anterior surface the so-called retroiridic lines may 
occasionally be seen. These are fine lines of brown pigment which run a radiating 
course toward the periphery, and are usually seen only when the pupil is dilated. 
They have been described either as being on the anterior surface of the lens or 
running around the equator of the lens on both front and back surfaces. Vogt 
considered them remnants of the tunica vasculosa lentis, while Bischler* thought 
that they were pigment resulting from an imprint of the posterior iris. Vogt® also 
presented a case in identical twins to illustrate their congenital and inherited 
origin. Retroiridic lines do not seem to be a definite clinical entity. Berliner® 
shows pigment lines following uveitis which closely resemble retroiridic lines. 
Sometimes the attachments of the zonular fibers are long and extend over the 
surface of the lens, both anterior and posterior, and congenital pigmentation of 
these may give rise to the appearance of retroiridic lines. 

Posterior surface. Melanin deposits on the posterior surface of the lens and on 
the equatorial regions and zonule are common but, because of the difficulty of 
seeing them, are not as familiar. The color of the uveal pigment in these regions 
is often a very dark brown, especially if the deposits are large. Several varieties 
of pigmentation may be differentiated. In the posterior axial region dustlike 
deposits are often seen in uveitis and probably after degenerative conditions of the 
uveal melanocytes. Often they may accumulate in the lower part, similar to the 
arrangement of keratitic precipitates on the cornea,® but may be present in any 
distribution. Usually they soon disappear and do not form the star shapes seen 
on the anterior capsule. Occasionally a dense plaque of pigment several milli- 
meters in diameter is observed on the posterior surface of the lens just to the side 
of the axial area. This type is found in eyes which are the site of degeneration, 
often following severe and protracted or repeated attacks of uveitis. Their large 
size suggests that they may be formed by the proliferation of melanocytes and 
the growth of a smaller deposit under continued stimulation. 

Periphery. At the equator of the lens we may distinguish several varieties of 
melanotic pigmentation. It is well known that the equator of the lens, the zonule 
and the ciliary processes may be seen directly in a coloboma, but even in a normal 
eye the periphery of the lens, the zonular fibers and often the tips of the ciliary 
process may be visualized by dilating the pupil widely and employing a gonio- 
scopic contact lens. Scheie and Fleischauer’ used a Koeppe lens and a Barkan 
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hand-light, with which they were able to see and describe changes in this area in 
great detail. I have found the Allen-Thorpe or the Goldmann gonioprisms used 
with the slit-lamp, entirely satisfactory. 

The zonular fibers seem to attract and hold pigment granules and are fre- 
quently seen to be encrusted with them in a variety of conditions, such as uveitis, 
pigment migration in degeneration, myopia, diabetes and traumatism, including, 
almost universally, surgical attacks on the iris. In these cases pigment granules 
are also frequently seen lying at the scalloped periphery of the lens. In some 
cases the course of the zonular fibers for a considerable distance on the surface of 
the lens, both anterior and posterior, is outlined by adherent pigment. It seems 
probable to me that at least some cases of retroiridic lines represent a congenital 
deposition of pigment on the zonular fibers. 

Several varieties of pigmented rings lying on the posterior surface of the lens 
just within the periphery may be seen. The rings may be formed of little dots of 
pigment, or larger plaques. Some of these are probably congenital. Mann® 
reported a case in a 4-year-old boy. She attributed the pigmentation to a pro- 
longed contact of the ciliary processes with the lens capsule which occurs at the 
100-mm. stage of embryonic life. Later the tips of the ciliary processes pull away, 
leaving the pigment ring behind. There is also an adhesion at this site (Egger’s 
line) between the lens capsule and the secondary vitreous. Much more frequently 
they have been found, first by Zentmayer® and later by Cameron,!° Bellows," 
Calhoun,” and Scheie and Fleischauer,’ to be associated with megalocornea, 
Krukenberg’s spindle and atrophy of the iris. Glaucoma isalso frequently present 
and is probably of the pigmentary type. In the large series of 49 cases reported 
by Scheie and Fleischauer, it was diagnosed in a total of 21 patients, occurring 
in their youngest case, age 15, and 7 of the 14 cases under the age of 35. In this 
condition, the different appearances of the pigment on the lens periphery and 
zonular fibers seem merely varying degrees of mobilization and deposition of 
uveal pigment. 

Pigment rings and deposits of fine pigment, like those described above, may 
often be seen on lenses removed by intracapsular cataract extraction (fig. 1), 
and it has been my impression that tears of the hyaloid and inflammatory symp- 
toms have occurred more frequently postoperatively in these cases. Reese and 
Wadsworth" found pigment on the posterior surface of lenses which showed 
adhesions to the vitreous during cataract extraction. 


ENDOGENOUS PIGMENTATION OF THE LENS 


The yellow-brown pigment of the lens. Every human lens is colored yellow by a 
pigment which forms within the lens, is present throughout life and has important 
physiologic and pathologic connotations. Both Vogt and the author found this 
pigment in the newborn. In 100 normal eyes, the author" found that the color 
increases slowly with age but gets no darker than a light straw color in the clear 
lens, even in the aged. When the lens gets darker than this it is usually the site of 
cataractous changes and is then called a cataracta brunescens or, if still darker, 
cataracta nigra. In general these are found in the cataractous lenses of the aged, 
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Fig. 1. Pigment bands seen on lenses removed by surgery. The pigment is very dark in 
all. 1, Fine pigment granules at equator and on zonular fibers; 2, circular band of fine pig- 
ment particles; 3, a double band of pigment, consisting of an inner band of heavier masses 
of pigment and an outer band of lighter deposits on the lens periphery and the insertions 
of the zonular fibers. 


but may be present in the diseased eyes of those in the 5th and 6th decade. Dark 
pigmentation is, in all probability, a pathologic state. 

The yellow coloring matter is molecularly dispersed through the lens, and no 
pigment granules are visible by conventional microscopy. However, with the use 
of the illumination technique of Cibis,?: * many dark granules, possibly pigment, 
have been seen in the lens. The nucleus contains the far greater proportion of the 
coloring and is fairly evenly tinted throughout, while the concentration of color 
in the cortex is about one-third that of the nucleus in a lightly colored lens and 
one-tenth in a darkly pigmented lens, most of the cortical coloring matter being 
in that portion close to the nuclear face. 

That the yellow color of the lens is due, not to a physical condition of the 
lens matter, but to a definite pigment, is shown by the fact that the pigment 
can be extracted from the lens with dilute sodium hydroxide solution and sub- 
jected to a wide variety of chemical and physical tests. However, the pigment is 
very inert chemically and has baffled the efforts of a large number of investi- 
gators to identify it definitely. We may discard several untenable conjectures of 
the older authors, such as blood and bile pigment, deposits of iron and other 
metallic pigment, since specific tests can eliminate these possibilities. 

Sauerman!* has proposed as the pigment an oxidation product of tryptophan 
formed by the autolysis of the lens. Bellows’ suggested a reaction product of 
protamine and cystine which were derived from the degenerated lens. The color- 
ing matter has been attributed to lipofuscin and to “melanoidine,’**! both 
possible products of degeneration of the lens. McEwen” attributes the color to 
urochrome. 

The consensus of most authors": *~7 is that the color is related to melanin. 
This has been suggested by the physiologic presence of melanin in other parts of 
the eye, the availability of melanin precursors, solubility and bleaching tests 
and the resemblance of the color of the pigment to that of melanin. Electro- 
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spectrophotometric studies show that it is close to uveal melanin in color absorp- 
tive characteristics, though not identical.": 7 

Most authors propose that the pigmentation arises from degeneration of the 
lens and the release of tyrosine, the melanin precursor, from the denatured pro- 
teins. The facts that the pigment is found in both cortex and nucleus and that it 
is present in every lens from birth is not compatable with this hypothesis, nor is 
the fact that investigators have not been able to find, consistently, the pre- 
cursors of melanin or melaninlike pigment in the cataractous lens. The author“ 
has suggested the following theory which seems more in keeping with the avail- 
able data: The lens epithelium, derived from ectoderm, is a tissue theoretically 
capable of forming a melaninlike pigment by the reaction between its contained 
enzymes, for instance, tyrosinase, and amino acid brought by the aqueous, 
similar to the way it is formed in the basal layer of the skin. The pigment passes 
into the fibers of the cortex in an unoxidized and uncolored form because the 
cortex contains an abundance of ascorbic acid and cysteine, which are powerful 
reducing agents capable of preventing the oxidation of melanin. Ascorbic acid 
and cysteine are absent in the nucleus, and as the lens fibers containing the pre- 
melanin are gradually compressed toward the nucleus, the concentration of these 
reducing agents surrounding the unoxidized pigment becomes less and less until 
finally oxidation can take place and the yellow color develops. Increased con- 
centration of the pigment molecules and consequent increase in color intensity is 
brought about by compression of the fibers as lens sclerosis ensues. This is similar 
to the way the yellow-brown color of keratinized skin, as in a corn or callus, is 
formed, except that the keratinized lens fibers remain in the sclerosed nucleus. 
Under abnormal conditions, the lens, like skin, forms increased amounts of pig- 
ment, which accumulate in the nucleus. The rate of pigment formation may vary, 
apparently, for Meyer-Arendt and Meyer-Arendt found, in an electrospectro- 
graphic study,” that the pigment could be increased in layers, which would 
correspond to periods of increased and decreased pigment formation. Once 
formed, the lens pigment, like melanin, is not easily reducible. The author was 
not able to decrease the coloration by the action of ascorbic acid, cysteine or 
fresh lens cortex, although success in this was reported by Schmer!.” 

A normal or physiologically colored lens looked at with the focal beam of the 
slit-lamp will show little or no color, but the same lens removed from the eye will 
show a definite yellow tint, and lenses invariably appear more highly colored 
when extraocular. However, if the lens is sufficiently pigmented, a color sequence 
is seen with the slit-lamp; the path of the beam appears bluish in the anterior 
cortical portion and increasingly green, yellow, yellow-brown and red-brown as 
the nucleus and posterior cortex are traversed. The posterior subcapsular area 
appears much more pigmented than the anterior nuclear area. However, if this 
same lens is examined extraocularly, the posterior as well as the anterior cortex 
is found to contain very little pigment, most of which is concentrated in the 
nucleus. The anterior part of the pigmented nucleus, contrary to our slit-lamp 
observation, will be as dark as the posterior. An explanation for this anomaly 
has been advanced by Vogt, who states that the blue and violet light of the slit- 
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lamp beam is absorbed as it traverses the lens and is also seen through the layers 
anterior to it so that it is, therefore, “‘doubly filtered.” In the rare, very darkly 
pigmented lenses, the light of the beam is largely absorbed and despite the lack 
of gross opacities the retrolental area and sometimes the posterior cortex cannot 
be visualized. 

The appearance of the fundus with the ophthalmoscope also can be pro- 
foundly affected by an abnormal pigmentation of the lens, for the observer is 
looking at it through an amber filter which absorbs the blue end of the spectrum, 
and causes the yellow and orange hues to appear more vivid, and tones of these 
colors more difficult to distinguish from one another. Consequently, the disk 
appears more yellow or orange and the veins, more red and less purple, approach- 
ing the arteries in color; the yellow tint of the fovea is not apparent since the 
entire background of the fundus appears more yellow. If the pigmentation in- 
creases still more, all the visible light, except the red end of the spectrum, is 
absorbed, and since this is inadequate, the fundus cannot be seen at all. Such 
cases may give a false impression of vitreous hemorrhage or other gross vitreous 
opacity. Extreme pigmentation of the lens must, therefore, be considered in the 
differential diagnosis of inability to visualize the fundus. 

Subjectively the alteration of true color by moderate degrees of lens pig- 
mentation is unnoticeable. The yellow coloration of the lens may be considered 
a physiologic filter to protect the interior of the eye from annoying or harmful 
excess violet or blue light similar to that found in the eyes of other diurnal 
animals,?* and all of us are adapted to it. However, there is evidence to show 
that subjective sensation is amply altered with excessive coloration. When the 
only lens change is an abnormal amount of color with no opacity, these subjective 
variations are subtle and uncertain. The absorption of light by the lens makes 
things darker, while the concentration of yellow pigment in the nucleus, with the 
cortex relatively unpigmented, can augment the chromatic and spherical aberra- 
tions of the eye and thus increase distortion. From theoretic considerations some 
change in color sense should result. The patient perusing the world through 
amber colored glasses would be expected to see blues less vivid and muddier than 
they should be; everything should appear more reddish or brownish than normal 
and subtle differences in yellow and amber colored objects would not be appre- 
ciated. From a practical standpoint, however, very little difficulty is experienced. 
Ophthalmologists will recall that very few patients who have sclerosis of the lens 
with development of marked color changes include in their complaints, even 
when specifically questioned, an alteration in the appearance of colors. A psycho- 
logic adaptation to the changes in the color of the light reaching the retina under 
physiologic conditions must slowly take place from childhood, and while the lens 
is changing to abnormally deep color, the adjustment must be even more com- 
plete to allow normal color sensation. The experiments of Eldridge-Green*® 
confirm this clinical impression. He found that, after wearing yellow glasses for 
some time, colors are seen in a normal manner, because the color adaptation of 
the eye allows it to sense the relative difference in colors almost as well as before. 
Colors seen by the normal eye under yellow electric light are markedly altered 








636 SURVEY OF OPHTHALMOLOGY 


from those seen in daylight, resembling changes caused by the yellowed lens, 
yet they do not seem much different to most of us unless directly compared. As 
Helmholtz stated,*' “just as we are accustomed and trained to form a judgement 
of colours of bodies by eliminating the different brightnesses of illumination by 
which we see them, we eliminate the colour of the illumination also.” In judging 
the color of objects. ..“We get accustomed to subtracting the illuminating 
colour from them in order to find the colour of the object.’’ Even when a patient 
with a very pigmented lens is required to match colors, as a dyer or painter, this 
usually can be done efficiently, since both the original color and the matching 
color are equally affected. 

Some critics have maintained that sclerosis and increased pigmentation of the 
lens, known or presumed, have been responsible for changes in the color style of 
certain artists whose careers stretched over many years into old age. This idea 
was first proposed by Liebreich® in analyzing the work of Mulready, a Victorian 
artist. Later Angelluci* wrote on this subject in great detail, including tests of the 
color sense of elderly artists. The characteristic changes which occur in the 
“senile style” are exemplified by comparing the early and later work of Turner, 
Renoir, and Monet, who were known to have sclerosed cataracts. In their early 
years they used all colors in a balanced fashion. In their late work, they used 
very little blue, and much brown, red, and yellow. When blue was used, it was 
crude or overaccentuated. Thus these artists tended to avoid colors which seemed, 
to them, muddied, dull or uncertain (blue and blue-green) and to use those which 
seemed vivid and positive (yellow, orange, and red). It must be pointed out, 
however, that this is not an invariable or indeed a frequent rule. The examination 
by the author of the chronologically arranged work of a number of famous artists 
who had painted to the age of 75 or more demonstrated only that there are many 
contradictions and exceptions to this tendency, and that color to the artist is 
often an arbitrary, rather than scientific, mode of expression. The recent article 
of Trevor-Roper* covering the influence of lens sclerosis and pigmentation, as 
well as other eye defects, on the work of artists is recommended to those interested 
in this borderland between art and ophthalmology. 

The removal of a highly colored lens is often followed by the well known com- 
plaint of a universal bluish appearance of the visible world. A sensation of blue 
vision can be elicited from any observant postoperative aphakic whose lens had 
developed a decided yellowish tint, and a person who has one aphakic eye and 
the other containing the average tinted lens will invariably notice the blueness of 
vision from the first compared with the yellowness of vision from the other. 
Usually the recent aphakic is not unduly annoyed by the difference and soon 
learns to ignore it. However, in patients whose lenses were darkly pigmented 
and who are very observant or perhaps neurotic, blue vision is more marked, per- 
sistent and annoying. In most instances symptoms are diminished indoors be- 
cause of the preponderance of the accustomed yellow in artificial light. From a 
practical standpoint some amelioration of this disagreeable blue suffusion may be 
obtained by applying an amber tint to the correcting glasses. This can best be 
accomplished by the use of “‘clip-on’’ spectacles which are colored by the appro- 
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priate glass or by a gelatin filter, or “acetate ink” obtainable in art supply stores. 
Usually this correction is only necessary outdoors. 

It has been mentioned that extreme pigmentation of the lens apparently can 
exist alone but that it is usually present in conjunction with other pathologic 
changes attending lenticular sclerosis. A marked degree of refractive myopia is, 
of course, quite common, as are cataractous changes in cortex and nucleus. 
Occasionally a lens of double focus may occur, the inner portion, corresponding 
to the nucleus, showing much more refractive power (usually myopia) as well 
as darkening of the fundal picture than the outer, or cortical, part of the lens. 
In the Morgagnian lens a very dark brown sclerosed nucleus remains unchanged 
in the milky degenerated cortex, since the pigmentation of a keratinized tissue 
increases its resistance to the action of proteolytic ferments.** Provided that the 
eye is otherwise healthy, most ophthalmic surgeons have found that the darkly 
pigmented lens bears an excellent prognosis in cataract surgery. 

Axial pigmentation of the lens (anterior axial pigment stippling of the lens suture, 
Vogt). The occurrence of discrete pigment granules within the lens has received 
relatively little recognition. Although common, and unique in appearance, this 
form of pigmentation requires careful use of the slit-lamp for detection and is 
often overlooked. The presence of particulate or granular pigment within the 
lens was first noted by Vogt.*: ** Under the term ‘‘anterior axial pigment stippling 
of the lens suture,” he described and pictured several of the more marked and 
striking cases. Muller*’ collected 22 cases and described briefly the clinical fea- 
tures of the condition. The present author reported on 105 cases." 

In order to see this condition adequately, a magnification of about 25 times 
must be attained, using the high-powered objective of the slit-lamp; a dim 
examining room, a bright illuminating beam and careful focusing of light and 
microscope are necessary. In addition, reflexes from the anterior lens surface 
must be avoided by utilizing a wide angle (35°-40°) of incidence of the illuminat- 
ing beam. Retroillumination and indirect illumination reveal nothing except in 
the most marked cases with large granules which are seen to be opaque. 

Axial pigmentation consists, essentially, of a bilateral symmetrical collection 
of pigment granules in the lens confined to the anterior cortex. The granules first 
appear as a small group at the point of confluence of the most anterior sutures of 
the anterior cortex and just within the anterior line of disjunction. More and 
more granules appear and gradually the larger and the smaller branches of the 
suture line, just under the capsule, are outlined with a myriad of them. New 
granules also make their appearance deeper in the axial portion of the anterior 
cortex until the adult nucleus is reached. Here there may be some dispersion 
over the face of the adult nucleus. No pigment granules appear in the posterior 
cortex. Some variants of this typical form may be seen. The granules may remain 
as a subcapsular spindle not outlining the sutures, or may increase and spread 
out beneath the anterior capsule without appearing deeper in the cortex. At any 
stage a rather remarkable symmetry is apparent in the disposition, arrangement 
and number of granules as well as their size and color. The typical pattern which 
the pigment granules assume, arranged in a series of increasing severity, are 
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Fic. 2. Drawings 1-é illustrate the distribution of the granules in progressive stages of 
axial lens pigmentation. Drawing 6 shows the situation of the granules between the anterior 
line of disjunction and the adult nucleus. 
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shown semidiagrammatically in figure 2, and some variations from the usual 
configuration, in figure 3. 

The individual granules are always minute, but may vary somewhat. Their 
diameter was estimated as 0.05 mm. to 0.01 mm. Typically, the color of the 
granules is a bright brown, resembling closely that of uveal melanin. When they 
are compared with known melanin granules the similarity in size and appearance 
is striking. In certain cases the brown granules are accompanied by buff or light 
brown ones. Almost invariably these are more anterior in position and more 
common in the earlier stages of development of the condition. 

Numerous cases were followed for several years. A slow increase in the number 
of granules was noted in most. In others, a marked development of the condition 
from the normal occurred within 1 year. In some the first appearance of the 
granules was followed by long periods in which little change could be noted. Slow 
progression, however, seemed most usual. 

The incidence of axial lens pigmentation in the 602 cases examined may be seen 
in table 1, where it is apparent that this is a condition of the middle-aged or 
elderly. It appears earlier in females, but after the age of 50 the incidence and 
severity are about the same in both sexes. The general incidence was 21 per cent 
of men and 27 per cent of women over 40 years of age. 

General physiologic and pathologic states of the body seem to have no influ- 
ence on axial lens pigmentation. It is seen in all degrees of general pigmentation 
from blond to Negro with no striking difference in incidence; also, no changes in 
general bodily pigmentation are noted in conjunction with it. The incidence of 
axial lens pigmentation shows no relationship to pigment changes of the con- 
junctiva, sclera or uveal tract, or to melanin deposits on the lens, and there is 
no indication that pigment enters the lens through the capsule to form the axial 
pigment granules; these appear to be purely intralenticular in origin. 

Axial lens pigmentation is not typically accompanied by other lenticular 
changes. In the younger age groups the lens usually is perfectly clear and in the 
older groups the expected incidence of minor senile changes such as spokelike 
separation of lamellae, and subcapsular vacuoles, seems to appear in these cases 
and others with equal incidence and rate of development. When senile cortical 
changes became too marked, the delicate granules are hidden, especially when the 
senile changes included increased visibility of suture lines, and subcapsular 
opacities. 

Thus, in spite of the frequency of axial pigmentation, the exact composition 
of the granules, reason for their presence and clinical significance remain un- 
known. However, the appearance and such secondary evidence as we may gather 
by analogy suggest that they are pigment granules of a melanin-like charac- 
ter. The present author has postulated that they originate similarly to the 
diffused lens pigment in the anterior epithelium and appear in the anterior suture 
lines because of local conditions, possibly degenerative, as a consequence of pro- 
longed, mild irritation which reaches the lens through the pupil. The stimulat- 
ing factor may be light or its ultraviolet component, acting here, as in the 
skin, to promote the formation of melanin-like pigment. 
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Fig. 3. Drawings 1-6 illustrate variations in distribution of the granules in axial lens 
pigmentation. 
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TABLE 1 
Incidence of Axial Lens Pigmentation by Age and Sex 
































Male Female 
Age Groups 
Patan | Positive Incidence —- Positive Incidence 
% % 
1-29 74 0 0 59 0 0 
30-39 31 0 0 36 5 17 
40-49 48 6 14 62 14 24 
50-59 30 8 26 76 22 25 
60-69 40 9 23 71 17 30 
70-85 20 6 30 55 18 30 
Total 243 29 359 76 
Degree of Severity 
SN axe nich codawads os 12 41.5 33 43.5 
Ps Sew csheiccvs 9 31.0 27 35.5 
BOG o.oo wena wieces 8 27.5 16 21.0 





COLOR PHENOMENA IN THE LENS 


The yellow color of the posterior capsule. When the posterior capsule is ob- 
served through the lens with the slit-lamp it appears to be yellow. The color is 
less yellow in children and more yellow in adults. In cases where the lens is 
heavily pigmented the reflex appears more yellow than in others. When the 
posterior surface of the lens is white, as in a posterior subcapsular cataract, the 
yellow color is intensified since more light is reflected. When the lens is removed 
from the eye and the back surface is observed directly, no yellow coloration is 
seen. Such an isolated lens also shows a yellow coloration of the reflection from 
the anterior surface when observed with the slit-lamp through the lens from the 
back to front, although to a lesser degree. It appears therefore that the yellow 
reflection of the posterior surface is due primarily to the absorptive power of 
the yellow pigment in the lens, possibly also to some selective reflective power 
of the posterior capsule. 

Tridescence in the lens. Iridescence is found normally, to a slight degree, when 
the anterior surface of the lens is viewed in specular reflection. Iridescence from 
the posterior surface of the lens is unusual in youth, but in persons over 40 it 
may be seen in about 7.5 per cent of otherwise normal lenses, according to AI- 
varo.® If at all marked it should be viewed with suspicion. 

In the pathologic lens, iridescence is a much more striking phenomenon and of 
some diagnostic importance. It may be the first sign of an impending complicated 
cataract and may be present before any opacity. In some cases, if the causative 
factor is removed, no further changes take place, at least after several years of 
observation. 

In the posterior subcapsular opacities seen in complicated cataract, iridescence 
is often a dominant finding; as a diagnostic point it should be well marked before 
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it is taken as a sign of complicated cataract. Iridescence is especially striking in 
retinitis pigmentosa, posterior uveitis, myopia and other conditions in which the 
anterior portions of the lens remain relatively clear so that it is not obscured. 

In the posterior subcapsular opacities found in cupuloform cataract, and in 
posterior subcapsular cataract following administration of steroids, iridescence is 
also occasionally found, especially before the lens changes are very marked, but 
is usually of a slight degree. Its occasional presence here may indicate that there 
may be intergrading forms between the known posterior subcapsular, compli- 
cated cataract and the saucershaped cataract, presumably of senile origin. 

The presence of iridescence is causally dependent on typical structural changes 
which allow the phenomenon of interference to take place, either in the close 
apposition of 2 reflecting surfaces as in a soap bubble or, possibly, of a regular 
series of depressions and eminences, as in a grating. Iridescence may disappear 
if the subcapsular opacity becomes denser, and overlies the surface where inter- 
ference takes place. It may also be seen in vacuoles and clefts in the lens. 

Iridescence may be explained by a simplified diagram (fig. 4). A beam of white 
light, J, composed of rays of all the spectral colors strikes a thin film FF’. The 
lines in the beam J represent the red component of the white light. These red 
rays are either reflected from the front surface of the film or they are internally 
reflected (indicated by dotted lines) and refracted to emerge as the beam R. 
Because of the longer path they travel, the rays traversing the interior of the film 
arrive a number of half wave lengths behind those reflected from the front sur- 
face. If the number of half wave lengths is even, the emerging rays and the rays 
reflected from the front surface are in phase and reinforce one another so that, 
to an eye at R, the film in the area b-c looks red. If the number of half wave 
lengths is odd, the red rays arrive at the eye out of phase and the area b-c con- 
tains no red light, so that it appears blue-green. The rays of other wave lengths 











Fic. 4. Iridescence due to interference at thin membranes 
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behave in a similar way. The color of any given point depends on the thickness 
of the film and the angle of incidence of the light, and when these factors vary 
there is a play of color. 

Colored opacities of the lens. Crystalline opacities of the lens are fairly common 
and usually attract attention because of their striking appearance. Very tiny 
iridescent opacities are sometimes seen in a lens which otherwise appears normal. 
More numerous iridescent deposits are seen in a great variety of congenital, 
traumatic, complicated and senile cataracts, especially when old and degenerated. 
Usually they are small, crystalline or flakelike, but occasionally appear as groups 
of needlelike crystals. The majority of writers considers these various crystals 
to be cholesterol, and the colors due to interference phenomena on their surfaces. 
Other chemicals, however, have been thought to give rise to colored crystals. 
Thus Von Szily found calcium carbonate in the iridescent pearl deposit of zonular 
cataract. The crystals of coralliform cataract were considered protein by Verhoeff, 
and tyrosine and cystine have been suggested by Vogt in spear cataract. The 
composition of iridescent crystalline deposits in the lens has been reviewed by 
Chinaglia and Amidei,** who conclude that cholesterol, protein, tryptophan, 
aspartic acid and sodium chloride crystals may be present. 

In a few types of cataract, colored crystals are regularly present and are so 
numerous and striking that they are of aid in diagnosis. Thus, in the cataract of 
myotonic dystrophy and of mongolian idiocy, numerous colored crystalline 
opacities are visible in the anterior cortex, separated from the capsule by the 
anterior line of disjunction. These are frequently associated with posterior star- 
shaped opacities. Similar color deposits are seen in the cataracts occurring with 
hypoparathyroidism, neurodermatis and scleroderma. In true diabetic cataract, 
a similar cloud of tiny crystalline colored opacities occurs, differing from these 
others in that they may occupy the space between the anterior line of disjunction 
and the capsule. 

The coloring seen in the club-shaped, disklike and doughnut-shaped opacities 
of coronary cataract and cerulean cataract is due to the diffusion of light that 
takes place when these translucent plaques are viewed against the dark pupillary 
background. Most of them appear blue or blue-green, the thicker ones gray or 
white. The appearance of other colors, such as red, yellow or violet, is explained 
by the dispersion of light caused by the different-sized colloidal particles of 
which these opacities presumably are formed. This subject is reviewed by Bel- 
lows*® and by Berliner.*® 


EXOGENOUS STAINING OF THE LENS 
Heavy Metals 


Several heavy metals may cause coloration of the lens as part of a general or 
ocular involvement. These may be arranged in a series showing ascending tox- 
icity to the lens, corresponding to the chemical activity of the metal. 

Gold. Metallic gold, deposited on the lens, has been observed in the course of 
ocular chrysiasis following the parenteral administration of soluble gold salts. In 
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Roberts’ and Wolter’s case“ the metal appeared as a shining brownish flake on 
the anterior capsule. No damage to the lens occurs. 

Mercury. A striking and characteristic change in the lens which is known as 
mercurialentis or hydrargyosis lentis may take place in general mercurialism. 
There appears on the anterior capsule a light or darker rosy-brown, iridescent 
coloration, caused by the deposition of numerous very fine granules or mercurial 
pigment.” No other toxic effect or damage to the lens is seen and vision is not 
affected. According to Atkinson,“ who first described these changes, mercuri- 
alentis is a constant and permanent sign of chronic mercurialism. However, 
Lockett and Nazroo“ found it to be present in only 4 of 15 cases of mercurial 
poisoning, while Gourlay* found it in only 6 of 50 cases of general mercurialism. 
It would appear, therefore, that while the presence of mercurialentis is pathog- 
nomonic of mercurialism, its absence is of no diagnostic importance. 

Silver. Argyrolentis or staining of the lens with silver compounds occurs as 
part of general argyrosis or as a sequela of the local use of silver compounds,“ 
and is practically always associated with argyrosis of the cornea. The silver 
compound is deposited in the pupillary area, in or just under the anterior capsule 
as a large number of bluish gray granules which are arranged in a coronary or 
“sunflower” design. The aggregate of granules imparts a bluish appearance and 
a metallic sheen to the lens.*7-*° However, argyrolentis seems to cause no deterio- 
ration of the lens fibers or interference with visual function. 

Copper. The development of copper pigmentation of the lens with chalcosis of 
the globe has been known for many years, and an extensive literature on the 
subject has accumulated, which has been admirably summarized by Duke- 
Elder.* Chalcosis lentis usually follows the slow liberation of copper from an 
intraocular foreign body. However, it may also occur in hepatolenticular de- 
generation. In addition to the references cited by Duke-Elder on this phase of 
the subject may be added the experiences of Berliner® and Walsh.™ 

In chalcosis lentis, the lens is colored a dull green, brownish green or brown by 
the deposition of a myriad of tiny granules of copper pigment in the capsule and 
in and just under the epithelium. A “‘sunflower”’-shaped opacity, visible by direct 
illumination with the slit-lamp, appears in the pupillary area, and is located just 
under the epithelium. This is due to denser aggregations of the pigment particles. 
If the foreign body is located posterior to the lens, a similar opacity may occur 
under the posterior capsule. 

The copper deposit does not seem to be very toxic for the lens and no other 
change may occur. However if a complicated cataract with posterior subcapsular 
opacities and iridescence does form it may be reversible and removal of the 
source of the copper may be followed by partial clearing of pigmentation and 
cataractous opacities. Chalcosis lentis causes increased fragility of the zonular 
fibers** and dislocation may easily take place. 

Tron. Staining of the lens with iron during the process of ocular siderosis with 
an intraocular foreign body is so well known that it has been covered in detail in 
many textbooks. The iron as a rust colored organic compound (siderin) appears 
in the lens as yellowish brown irregular and punctate spots of the anterior capsule 
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and the subcapsular cortex. The iron pigment is toxic for the lens. The pigmenta- 
tion is permanent and is accompanied by progressive cataractous changes. 
Theoretically, at least, hemosiderosis from general or local disintegration of 
blood should stain the lens in similar fashion, since intraocular siderin impregna- 
tion takes place,®* but, as far as I am aware, this has not been described. 


Blood in the Lens 


We conclude this survey of color changes in the lens with perhaps the strangest 
and in some cases the most baffling of them all. Intracapsular coloration of the 
lens with red blood is a striking occurrence which has been observed to take 
place in several ways. 

In an eye which is the seat of a chronic uveitis with a bound down pupil, 
blood vessels may grow on the capsule across the pupillary area. The author has 
seen the rupture of such a vessel following trauma, resulting in the formation of 
a subcapsular hemorrhage. 

More remarkable are those cases in which fresh blood has entered the normal 
lens through a capsule which seemed to be intact. In the two cases of Stevens 
and Chatterjee,®* which followed surgery, the blood appeared in the anterior 
part of the lens as sheetlike deposits and stippling and remained unchanged for 
months. During this time there was no evidence of damage to the capsule and 
the lens stayed clear. In the case of Hoffman,* illustrated by a beautiful photo- 
graph, the hemorrhage into the anterior part of the lens appeared after trauma. 
In Stein’s case,** occurring in a child of 4, the posterior part of lens was affected 
and the source was assumed to be a ruptured hyaloid vessel. In all of the preced- 
ing cases the blood was bright red. Rychener’s case® also involved the posterior 
part of the lens and was accompanied by vitreous hemorrhage, but here the 
blood was darker and thought to be partially disintegrated. 

The mode of entry of the blood through a capsule which appears to be un- 
damaged remains unexplained. The presence of the blood seems to have little 
harmful effect on the lens fibers, but absorption is very slow, taking many 
months, preceded as suggested by Rychener’s case by disintegration of the blood. 
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BETAMETHASONE IN OPHTHALMOLOGY 


Dan M. Gorpon* 
New York, New York 


It is generally accepted that subsequent modifications of the basic corti- 
costeroid molecule have not produced changes of similar magnitude as those 
achieved with the addition of a double bond to the cortisone and hydrocortisone 
structures. However, some of these modifications have produced compounds with 
measurably different effects and made possible satisfactory treatment of an 
ever-increasing number of patients with ophthalmologic disorders. In some 
cases this is due to the enhanced therapeutic effects or decreased incidence of 
side effects of the newer steroid, while in other it is simply that, for reasons 
which we are unable to explain with our current knowledge, patients who fail 
to respond satisfactorily to one analogue may do quite well on another. Suc- 
cessful steroid treatment in ophthalmology depends as much on the physician’s 
knowledge of the properties of different steroids as on his willingness to try 
several compounds until he finds the one best suited to the patient’s individual 
needs. This is particularly true in such recalcitrant conditions as severe uveitis, 
where patients may respond to one steroid after having failed to improve on 
several others. 

Betamethasone, one of the newer prednisolone derivatives, has been studied 
in a series of 33 patients with various inflammatory intraocular conditions 
normally expected to respond to oral steroid therapy. Our encouraging initial 
findings, which closely parallel those of other investigators,! form the basis of 
this preliminary report. 


CHEMISTRY AND PHARMACOLOGY 


Betamethasone is 9a-fluoro ,168-methylprednisolone, and has the following 
structural formula: 
CH;OH 


CH, C=0 
wes Axon 
e o Eh 4 

1 f° Nf 


Betamethasone 


HO 
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The betamethasone used in this study was supplied, as Celestone, through the courtesy 
of G. Kenneth Hawkins, M.D., Department of Clinical Investigation, Schering Corpora- 
tion, Bloomfield, N. J. 

* Assistant Professor of Surgery (Ophthalmology), Cornell University Medical College, 
New York, N. Y. 
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Animal studies have suggested that, on a milligram basis, betamethasone is 
one of the most potent adrenocorticosteroids synthesized to date. These studies 
have also indicated that it has a low incidence of side effects and that it is fre- 
quently capable of producing diuresis and increased sodium excretion rather than 
fluid and sodium retention.” # 


MATERIALS AND METHODS 


Betamethasone was studied, for a period of up to 5 months, in 33 office pa- 
tients. This group was composed of 17 males and 16 females, ranging in age from 
9 to 69 years. Eleven of these patients had generalized uveitis; 5, anterior uveitis; 
11, choroiditis; 4, macular degeneration; 1, optic neuritis and 1, inflammation of 
the pars planis. Thirteen cases were transferred to betamethasone therapy from 
other steroids, while 20 had not received prior corticosteroid treatment. 

The betamethasone tablets used in this study each contained 0.6 mg. of the 
active material. Initial dosages were arrived at by giving the same number of 
tablets as would have been considered sufficient with previous corticosteroids. 
This dosage routine was based on earlier studies which indicated that the 0.6 
mg. tablet had an activity similar to a standard strength tablet of the older 
corticosteroids. Initial dosages varied from 1.8 mg. to 4.8 mg., or 3 to 8 tablets, 
daily. In acute conditions, dosage was gradually reduced and discontinued as 
early as possible; in chronic conditions, dosage was gradually reduced to main- 
tenance levels as improvement occurred. The total duration of treatment varied 
from 2 weeks to 5 months. 

Results were recorded as excellent when complete remission occurred and the 
steroid could be discontinued; as good, when symptomatic suppression was 
maintained with steroid administration; as equivocal, when there was a partial 
response and as failure, when the disease status remained unchanged. 


CLINICAL OBSERVATIONS 


Of the 33 patients treated with betamethasone, 14 had an excellent response, 
14 had a good response, 2 had an equivocal response and 3 failed. The only 
significant side effect seen in this group of patients was one case of nausea in a 
subject who had a history of intolerance to all previous corticosteroids. 

Four of our cases, 2 of recurrent choroiditis and 2 of severe iridocyclitis, who 
had previously responded poorly to other steroids, obtained an excellent re- 
sponse with equivalent dosages of betamethasone. A case of severe acute irido- 
cyclitis illustrates the effect which often may be obtained when a patient who 
fails to respond to a given steroid receives equivalent amounts of an alternate 
steroid. This 28-year-old man came to us with iridocyclitis of the right eye. 
He had had a similar episode in the left eye 18 months before. At that time, he 
was treated by the referring ophthalmologist and required hospitalization and 
intravenous steroid therapy to halt the disease process. The iridocyclitis appeared 
in the right eye 2 weeks prior to our seeing him. He was then placed on 40 mg. 
or 8 tablets daily of prednisone; in spite of this treatment, the patient’s vision 
decreased to finger counting. When first seen by us, his lids were edematous 
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cornea was hazy and the anterior chamber contained 4+ fibrin, with posterior 
synechiae. The patient was placed on 8 tablets (4.8 mg) daily of betamethasone. 
Within 48 hours, vision had improved to 20/100. Three days later, it had further 
improved to 20/60, at which time daily dosage was decreased to 6 tablets (3.6 
mg). The patient had been on atropine when we first saw him; this was dis- 
continued after a few days. He continued to improve rapidly and dosage was 
decreased gradually over a period of 10 weeks, at which time he had regained 
normal vision. The synechiae melted under treatment. 

Of 4 patients with macular degeneration, a difficult disease to manage, 2 had 
an excellent response, 1 had a good response, and 1 failed. In the 2 cases with 
excellent response, vision improved from 20/80 to 20/50 and from 20/200 to 
20/50, respectively. The improvement in vision in these cases was accompanied 
by disappearance of edema and distortion. In a previous paper,‘ this author has 
briefly reported on attempts to improve vision in patients with senile and other 
forms of macular degeneration. It is our opinion that if these attempts are 
sufficiently persistent they will lead to improvement in a certain number of 
these otherwise hopeless cases. The table below shows a breakdown, according 
to diagnosis, of the results obtained in our entire series. 


COMMENT 


On a milligram-for-milligram or tablet-for-tablet basis, betamethasone is one 
of the most active corticosteroids studied by us to date. It is a highly effective 
agent for the management of corticosteroid responsive ophthalmic conditions. 
While side effects did not present a problem in this series, and no new untoward 
manifestations were encountered, the short duration of this study does not permit 
an evaluation of the side reaction potential of this compound. 

The results of this study once again emphasize some important points which 
should be borne in mind when steroids are used: (1) In acute ocular conditions, 
steroids must be started in high dosages to obtain rapid maximal suppression of 
the disease process, and gradually tapered off after this initial goal has been 


TABLE 1 
Results and Significant Side Effects in 33 Patients on Betamethasone 





No. of 


| 
Diagnosis 7 ates Excellent Good 


| | | 
Equivo- _ | Side 
cal Failed | Effects 





Generalized uveitis . ree .| & 4 | 6 1 
pO ee ee 2 3 
II 1s ono nai sees wane eee | 4 | 4 

Pars planitis.. 1 

Optic neuritis. ... 

Macular degeneration 








Totals........ ee 4] “4 | 2 | 





* Nausea—patient did not tolerate any of the numerous steroids. 
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attained. In the absence of an absolute contraindication, high dosages given for 
relatively short periods of time rarely bring about serious undesirable effects. 
(2) Some patients will fail to respond to, or experience side effects on, one or 
more corticosteroids and do well on another; in case of failure with a steroid, 
one or more analogues should be tried before the patient is classified as a steroid 
failure. (3) With the availability of an increasing number of steroid preparations, 
it becomes more important to select the compound which will be most effective 
in each individual patient, taking into consideration his over-all status. All 
therapy should be tailored to the particular patient, and should never be 
made routine. 

A great deal has been said, in the literature and at meetings, about the occur- 
rence of moon facies. I consider “mooning” a part of any extended corticosteroid 
therapy and regard it of relatively little importance as a side effect. The occur- 
rence of “mooning” during corticosteroid treatment indicates that the com- 
pound is exerting its steroid effects. If, at the same time, the ocular disease 
does not respond, it may indicate that it will not respond to steroids. In such 
cases, I give the patient a short additional trial period on an increased amount, 
but without expecting highly beneficial results. Conversely, when a patient 
fails to repond to systemic steroids and also does not present a moon face, this 
suggests that the steroid effect is not sufficient. Administration of a higher dosage, 
rather than discontinuance of the steroid, is indicated in such cases. 


SUMMARY 


Betamethasone was studied in 33 patients with various corticosteroid- 
responsive intraocular conditions. This new prednisolone analogue was given in 
initial daily dosages ranging from 1.8 mg. to 4.8 mg.; these dosages were gradually 
decreased to maintenance levels in chronic conditions and discontinued in 
acute states, and whenever possible in chronic cases. Response was excellent in 
14, good in 14, and equivocal or absent in 5 of the patients studied. 

The results in macular degeneration were most intriguing and bear out our 
previous contention that, in this condition, he who tries will frequently succeed. 

The only side effect seen in this series was one case of nausea in a patient who 
had previously proved intolerant to all adrenocorticosteroids. There were no new 
or unusual reactions in this series. 

Betamethasone proved an exceptionally effective corticosteroid in the majority 
of our cases. As is usually true with corticosteroids, there were some cases 
which had better results than on other compounds. Thus, we consider a new and 
superior type of corticosteroid, such as betamethasone, a welcome addition to 
the steroid family. 
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SURGERY 


PROBLEMS OF PENETRATING CORNEAL GRAFTING 
Late ReEsutts 1n 18 Cases 


O.tur R6zE 
Numsos, Norway 


Acta Ophth., 1960, 38: 377-393 


The outcome of corneal grafting depends largely on the disease responsible 
for the opacity. Possible improvement in results depends partly on study of the 
causes of postoperative complications. Eighteen cases observed in the hospital 6 
to 8 weeks after keratoplasty and followed from 1 to 5 years have been analyzed 
from this point of view. Donor material was excised at the limbus from 1 to 4 
hours after death, and the graft was punched out from the endothelial side. The 
operation was performed immediately or within a few hours after obtaining the 
donor graft, except in 2 cases where the grafts were preserved 17 and 20 hours. 
Transplantations were carried out in both eyes of 3 patients. Overlying sutures 
were used in all but 3 cases, for which edge-to-edge sutures were employed. 

The results of operation according to diagnosis were (1) phlyctenular keratitis, 
4 cases, all clear grafts, vision 6/9 to 6/18; (2) sclerokeratitis, 4 cases, 2 clear, 1 
mostly clear, 1 somewhat cloudy, vision somewhat improved in all, 6/24, 6/36, 
6/12, 6/24; (3) interstitial luetic keratitis, 4 cases, 2 cases clear with visual 
improvement of 6/75 and 6/24, 1 case with cloudy graft and vision deteriorating 
from 2.5/60 to 1/60, 1 case nearly clear with improved vision but subsequent 
deterioration due to secondary glaucoma; (4) leukoma corneae, 1 case, clear 
graft, vision 6/7.5; (5) leukoma corneae with descemetocele, 1 case, cloudy 
graft, vision deteriorating from 6/60 to 1/60; (6) keratitis profunda, 1 case, 
clear graft, vision 6/60; (7) band-shaped keratitis, 1 case, clear graft, vision 
6/10; (8) keratoconus, 1 case, clear graft, vision 6/18; (9) herpetic keratitis, 
active phase, 1 case, cloudy graft, vision deteriorated from 1/60 to light per- 
ception. 

Of many possible techniques for fixation of corneal grafts, 3 are in common 
use: direct fixation, or edge-to-edge suture; indirect fixation with overlying 
sutures; and indirect fixation with corneal splints. Direct suture is the most 
likely to traumatize tissues, but its relative firmness makes it the favored method 
of many surgeons and of all surgeons for grafts over 6 mm. in diameter. Overlying 
sutures are less traumatizing, but some workers feel the need for protecting the 
graft by a cover of egg membrane. Corneal splints make inspection of the graft 
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more difficult and some workers find they inhibit absorption of oxygen and inter- 
fere with healing and epithelial regeneration. To the present author, the means of 
fixation seem less important than maintenance of fixation long enough to insure 
satisfactory healing. In his experience, healing may be insecure in some cases for 
2 to 3 weeks after operation. Since it is impossible to be certain which these 
cases are, he recommends routine maintenance of fixation for 3 weeks. More- 
over, it has been histologically demonstrated that collagen fibers do not appear 
in the wound before the third week. Moderately firm healing could therefore 
hardly be expected before this time. 

Increased intraocular pressure also affects the firmness of closure. This may 
develop even in cases not known to be predisposed to raised tension. Since it is 
almost impossible to test pressure safely within 2 to 3 weeks after operation, 
Diamox is recommended as routine medication during the first 3 weeks. 

Vascularization is one of the most serious threats to the clarity of the graft. 
Two chief methods are in current use for its control. Local cortisone does not 
seem useful in experimentally produced vascularization, but the author’s experi- 
ence with locally applied 5 per cent cortisone ointment is favorable. According 
to both clinical observations and experimental evidence, cortisone is superior 
for this purpose to hydrocortisone. While some surgeons recommend its use 10 
to 12 days after operation, the author finds that its weakening effect on wound 
healing makes it wiser to apply cortisone only after the third week after opera- 
tion. Vessels diminish in size within a few days, and grafts clear within 14 days. 
Small doses 5 times a day when the tendency to vascular invasion is slight or 
absent are desirable, but, when necessary, dosage may be increased up to 10, or 
even 20, times a day for as long as 6 to 8 weeks. The effects should be regularly 
checked by slit-lamp examination. 

8-Rays are strongly advised by some authors as preoperative treatment of 
strongly vascularized corneas. Others advise against preoperative treatment, 
either because the #-rays inhibit development of fibroblasts and thus delay 
wound healing or because they cause cataracts. It may be definitely stated that 
B-rays should be used only when indications are exceptionally strong. Preliminary 
keratectomy or lamellar keratoplasty are preferable in severely vascularized 
corneas. The beneficial effects of cortisone should ordinarily make the use of 8-rays 
unnecessary. 

The quality of donor material is recognized as of paramount importance. 
Since preservation for any length of time is likely to cause degeneration in the 
epithelium and in metabolites, fresh grafts remain preferable to preserved ones. 
Excised corneas show undesirable changes less quickly than whole corneas in 
cold storage. 


Comment: The author reports on his results in 18 cases of penetrating corneal grafts, 
followed from 1 to 5 years. He discusses the complications encountered, their cause, and 
his management of these complications. 

In this series complications were found to occur in 17 of the 18 cases. By far his largest 
number of complications was due to neovascularization, a complication which in his 
hands the use of cortisone has apparently given more favorable results than most of us 
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can attest to. The frequency of its administration (usually 10 times a day and in one case 
20 times a day) and the use of cortisone rather than hydrocortisone may be the reasons 
for his success in treating this new blood vessel formation. 

No one can disagree with his statement that the best results from keratoplasty are 
dependent on the use of good donor material. 

His technique, as described, leaves little to be desired. In the 18 cases, the graft di- 
ameter averages less than 5.5 mm., and only one graft was as large as 7 mm. in diameter. 
It is rather surprising that as many complications were encountered as he reports, since, 
generally speaking, the smaller the graft and, consequently, the less surface required 
for healing, the fewer the resulting complications. Some of these complications were 
probably due to faulty wound apposition, i.e., those in which delayed reformation of the 
anterior chamber synechiae occurred. The author fails to mention whether or not air 
was instilled to form the chamber immediately upon completion of the operation. I have 
found this a most useful aid in assuring a watertight wound and in avoiding synechia 
formation. This is usually done through a preplaced corneal splitting needle-knife in- 
cision. 

The use of Diamox to prevent ocular hypertension and graft displacement is mentioned. 

The author discusses, at some length, the theoretical and practical use of local cortisone 
therapy in the treatment and prevention of vessel formation in the graft. He cautions 
against the use of cortisone until 3 weeks have elapsed after operation, as a serious dis- 
turbance of wound healing may otherwise result. This fact has not been universally 
found in the experience of others; however, the frequency of cortisone application has 
usually been much less than that used by the author. He also discusses the use of 8-rays 
and states that “the dangers inherent in the use of beta radiation therapy are so con- 
siderable that it should not be prescribed unless the strongest indications for its use 
exists.” 

One cannot help but agree that ideally hospitalization for 6 to 8 weeks after operation 
is desirable, but, unfortunately, the economic status of patients in the United States is 
most often such that this is not feasible. 

The author cites 47 references in the literature, and while the paper is well presented, 
and his experience gained from the 18 cases reported is interesting, little that is new con- 
cerning the problems of penetrating corneal grafts is presented. 

Rosert D. MULBERGER 


THE USE OF CHICKEN AND MONKEY CORNEA FOR HUMAN 
CORNEAL GRAFTING 
GemInIANO De Ocampo, RoBerto SuNGA, AND Corazon De La Cruz-EstTRELLA 
University of the Philippines, Manila, the Philippines 
Philippine J. Surg., 1961, 16: 7-13 


Although corneal homografts are the most successful of all homografts, donor 
material is lacking in many countries like the Philippines. There are some reports 
of questionable success in the use of chicken corneas for heterografts in human 
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corneal grafting. So far as the literature available to the authors suggests, how- 
ever, theirs is the first investigation including the use of monkey corneal grafts 
in human eyes. 

The use of chicken cornea is based on the concept that since fowl and man are 
so far apart on the phylogenetic scale of evolution, there may be little tissue 
incompatibility between them. 

In accordance with the precept of primum non nocere, the eyes treated were 
completely blind and extensively leukomatous. By earlier criteria, they should 
have been enucleated, but instead they were subjected to cosmetic keratoplasty 
with anterior lamellar grafts of chicken cornea. Later, small tectonic penetrating 
keratoplasty for small peripheral thin and bulging leukoma was tried in some 
eyes with minimal vision. Chicken cornea was also given a trial for lamellar 
keratoplasty in spreading marginal ulcers for therapeutic purposes. 

Disappointment with the results obtained with chicken corneas led to the use 
of monkey corneas. If the phylogenetic scale of evolution really lies at the bot- 
tom of the rejection of homotransplants and heterotransplants, it may be that 
this rejection could be more easily counteracted if the species were very close to- 
gether rather than far apart. During the last 9 months 8 monkey corneas have 
been used as heterografts for leukomatous human corneas, mainly for cosmetic 
purposes. 

The fate of both types of grafts may be summarized as follows: While all 
stayed in place in the first or second week, some did not take, and even in those 
that took, the biological connection was not secure. They maintained their 
transparency for about 2 weeks. Then they became opaque gradually, but not 
suddenly. They lost their integrity but maintained their identity for a longer 
period of as much as 2 months. Then they began to disintegrate until at about 
3 months all their elements invariably disappeared and a little fibrous host 
replacement with host epithelization remained. This rejection by disintegration 
is similar to the rejection of skin and other tissue homografts in contrast to the 
preferential fate and successful survival of most corneal homografts. Although 
a few corneal homografts may become opaque by allergic or other mechanisms, 
they are very rarely rejected by disintegration. This suggests that allergy is not 
the only mechanism concerned. From the histology of some of these grafts, it 
appears that the presence of inflammatory cells, mostly round cells, supports the 
cellular mechanism of the rejection by disintegration. 

Although the various methods of pretreating the graft have so far not suc- 
ceeded in de-antigenizing the monkey and chicken corneal grafts, the attempts 
at biological storage made by the authors suggest that the break-through in 
corneal heterografting lies in this direction. 

When corneal homografts are not available, monkey or chicken heterografts 
may be of some use for human keratoplasty for cosmetic purposes. They will 
hold the pigment and, while they are disintegrating, the host epithelium and some 
little fibrous tissue will grow over and keep some of the pigment in place. Hence, 
while the ultimate cosmetic appearance of the eye is not so good as when a human 
homograft is used, it is often better than the preoperative appearance and 
somewhat satisfying to the patient. 
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Comment: The authors’ experience with chicken and monkey corneas for both lamellar 
and penetrating corneal grafts again brings forth the problem of heterografts of all types. 
The attempt to use heterografts from “each end” of the phylogenetic scale is an interesting 
approach but appears to have produced negative results. Although there has been a con- 
siderable increase in the basic knowledge of cellular metabolism during the last decade it 
appears that the key to heterografts is still missing. Research such as this is desirable 
but in the meantime a wider religious and social acceptance of removal of eyes after 
death in order to obtain homografts will be of much greater importance to the person in 
need of a corneal transplant. 


AtBert N. Lemoine, Jr. 


THE HERITAGE OF GONIN 


Marc AMSLER 
Zurich, Switzerland 


Proc. Roy. Soc. Med., 1960, 53: 1043-1046* 


Jules Gonin of Lausanne died at the age of 65, on June 10, 1935, twenty-five 


years ago tomorrow. It is the imminence of this anniversary that has dictated 
my choice of subject. I shall first enumerate the bequests left by the Master of 
Lausanne on his death, and then examine how this heritage has been developed 
during the last quarter of a century. 

But first of all let us recall how detachment of the retina was treated before 
the days of Gonin. 

Men of my age can remember that the arrival in hospital of a patient suffering 
from detachment meant the occupation of a bed for weeks or months to no 
purpose, despite immobilization in the sppine position, pressure bandaging, 
scleral puncture, Deutschmann’s discission of the vitreous, subconjunctival or 
intra-vitreous injections or pilocarpine sudations. 

I well remember a case of detachment of the retina, with an extensive tear 
of some few hours’ standing, in which my first teacher in ophthalmology, Pro- 
fessor Eperon (Gonin’s predecessor at Lausanne), decided to do nothing be- 
cause, in the language of those days, “the retina was not only detached, but also 
torn”. That was in 1917 or 1918. 

At that time there was much talk of a recent survey carried out by Vail, of 
Cincinnati, in 1913: about 20 successful results were reported from 25,000 cases 
of detached retina and this was the lamentable figure quoted from the clinical 


* Reprinted by courtesy of the Honorary Editors of the Proceedings of the Royal Society 
of Medicine. 
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experience of 281 eminent American ophthalmologists. I reproduce some of 
their answers to a questionnaire: 


“Rest and let alone is the treatment. I consider anything else charlatanism.”’ 

“Dark room, rest in bed, head depressed, tight bandage, resignation.” 

“In two years in Vienna and London and three years at the New York Eye and Ear 
Infirmary, I have never seen a detachment cured.” 

“T consider a detachment of the retina a hopeless condition.” 

“From kali-iodate to Deutschmann not a single case of permanent cure!” 


Impressive documents of the pre-Gonin epoch, are they not? 

And Vail concludes: “The established medical treatment of detached retina 
is a failure, because the etiology of the trouble is not recognized; the surgical 
treatment is not founded on scientific principles and is therefore brutal; de- 
tachment of the retina is not a disease but a symptom... .” 

It was in almost identical terms that Gonin had closed his chapter devoted to 
detachment of the retina in the sixth volume of the “Encyclopédie Francaise 
d’Ophtalmologie” which appeared in 1906. 


GONIN’S BEQUESTS AND PRINCIPLES 


The first bequest of Gonin’s legacy was an absolute necessity: the necessity of 
making a thorough methodical and patient ophthalmoscopic examination of 
the peripheral retina. 

How right the man was who said after watching the master at work: “But 
Gonin’s specific instrument is not the thermocautery, it is the ophthalmo- 
scope”; and I can still hear an old German Professor of Ophthalmology coming 
out of the dark room with Gonin, saying: “Wir miissen spiegeln lernen’”—we 
must learn to use the ophthalmoscope. 

Gonin taught us to explore the peripheral retina as far as the pigmentary edge 
of the ora serrata through the pupil in extreme mydriasis. He had pinned an 
attractive group of butterflies (caught by himself on Sundays) on the ceiling of 
his consulting room, and on these the patient had to fix his gaze tirelessly, so 
that the master could search for the tear far up in the eye. 

It is not without interest to remember that Gonin had been ‘at home”’ (so 
to speak) in the pre-equatorial zone of the retina as early as 1901, when he demon- 
strated that the extreme peripheral area was free from pigmentation in “retinitis 
pigmentosa” and that the visual field developed an annular scotoma and did 
not exhibit concentric contraction from the periphery. 

Gonin’s second bequest to us was his clear perception of an anatomical and 
clinical fact—the retinal tear and its fundamental importance. 

Retinal ruptures, it is true, had been observed before Gonin’s time. De Wecker 
had already noted them in 1870 (the year of Gonin’s birth); and in 1882, Leber 
had been very close to guessing their pathogenic role. But it is certainly Gonin 
to whom the credit must go for having originated the doctrine (and how fruitful 
a doctrine!) that any detachment of the retina stems from a break. 

It took twenty years of patient labour, ophthalmoscopic observation, histo- 
ogical research and deep clinical thought, to bring my master to a conviction 
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sufficiently strong to persuade his hand to pick up the thermocautery. It was in 
1920 that what used to be called Gonin’s “‘idée-fix” or obsession became an 
“idée-force”’ and led him into action. 

The old petrol thermocautery had a great virtue in demonstration, a virtue 
Gonin constantly stressed: either the cautery hit the target of the tear and all 
detachment vanished; or else it hit to one side leaving all or part of the tear 
still open, and the detachment remained as before. And it was this demonstra- 
tion that, in due course, convinced those who were to be the first to adopt the 
new method of treatment—men such as Arruga, Kapuszynski, Weill, Bruckner 
and others—men who, at the memorable Amsterdam-Congress of 1929 deeply 
moved the master by being the first to give him the immense satisfaction of 
finding himself at last believed and followed. 

In the Lancet for December 7, 1929, appeared the following few lines—lines 
which herald a new era: ‘“‘At the recent International Congress at Amsterdam, 
Dr. J. Gonin of Lausanne showed paintings of patients treated by a new method 
designed to close up the hole in the detachment by means of thermocautery, the 
results being said to be remarkable.” 

The third element in the heritage which Gonin left to us concerns the pre- 
operative phase of the surgical treatment of detachment. 

“Give the patient absolute rest,”’ said Gonin, “lay him down, not always on 
his back, but lay him—so to speak—on his retinal tear, and you will see the 
detachment diminish and the retina draw nearer to the choroid. The operative 
prognosis will be in direct proportion to the speed with which this pre-operative 
contact between retina and choroid is re-established, for, at the moment of 
operation, the retina must be as close as possible to the ocular wall.” “In the 
presence of recent detachment of the retina’’, again I quote Gonin, ‘‘one must, 
of course, act immediately. But this does not refer to the operation, it refers 
to the need for immediate immobility of the eye and rest for the patient—the 
immobility and the rest being angled according to the site of the tear”. Urgent 
treatment begins, then, for the patient with several days of preparatory rest and 
immobility, and for the surgeon by as many days of thorough ophthalmoscopic 
examination. ““We must”, Gonin repeatedly said to us, ‘know the fundus of the 
eye on which we are to operate by heart!” 

Gonin’s legacy includes, in addition to all this, a fundamental pathogenic 
concept. that the complex process of tissue degeneration which can result, in 
myopic or aged eyes, in tearing and detachment of the retina is at the same time 
a disease of the choroid, the retina and the vitreous body. It is certainly true 
that the vitreous, by reason of the traction of its pathological adhesions to the 
retina, plays a particularly important part; this much is evident, from the pro- 
duction of tears with flaps which are by far the most frequent. But the changes 
in the vitreous are subsidiary, or at any rate bound up with a chorioretinal 
dystrophy. In any case, it is impossible in any pathogenic conception to separate 
the retina from the choroid and the vitreous. Thus, idiopathic detachment of 
the retina is not an illness in itself, but only a more or less acute episode in an 
eminently chronic degenerative process of the eye. 

The last bequest left by Gonin was a hope, a hope which I heard him express 
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countless times, a hope the realization of which the pioneer of thermocautery 
could not even glimpse, the hopes of preventive medical treatment for detach- 
ment, or perhaps even of prophylactic surgical intervention. 


LATER DEVELOPMENT OF GONIN’S PRINCIPLES 


Let us now consider how this rich legacy of Gonin’s has fared at our hands 
during the twenty-five years that separate us from his death. 

The insistence on thorough ophthalmoscopic examination of the retinal 
periphery has lost none of its force; for it is still true—now as always—that 
tearing starts, and takes place at the periphery of the retina. The necessity for 
this examination has somewhat brought back into favour indirect ophthal- 
moscopy, which Gonin used exclusively, and which lends itself better than direct 
ophthalmoscopy both to topographic exploration of all the fundus, and to 
regular ophthalmoscopic checking during operation. 

Ingenious electrical instruments have been devised to facilitate this explora- 
tion. Schepens’ forehead ophthalmoscope in particular deserves special mention, 
since it leaves the observer a free hand to carry out Trantas’ old practice of 
exerting pressure on the pre-quatorial sclera so as to bring the area of the ora 
serrata within the ophthalmoscopic field. And this reveals, especially in aphakic 
eyes, unsuspected hidden lesions in the extreme periphery of the retina. It is 
again the peripheral retina that we explore with the slit-lamp, and that thanks 
to the mirrors of Goldmann’s contact glass. 

Secondly, the primacy of the role of retinal tearing has been, and is con- 
stantly being, reaffirmed. No matter what the surgical technique since Gonin’s 
days—whether chemical cauterization, diathermy or electrolysis—the retinal 
tear must either be reached by the exudative reaction of the choroid and en- 
gulfed in the scar, or surrounded by adherent scarring. 

Our present surgical procedures are more diffuse in their effects than was 
Gonin’s thermocautery, for his instrument entered the eye at one specific point 
only. We no longer need such precise initial pin-pointing as that required by the 
thermocautery. One can look for, and pinpoint, the break by means of the 
diathermic electrode during the operation, with constant ophthalmoscopic 
checking. But it is none the less necessary to-day to hit the tear—that is, if we 
wish to achieve the 75 %, 80% or even 85 % of successful curves which now offer 
such a striking contrast to the one in a thousand cures that resulted from the 
treatments in use at the time of Vail’s enquiry. 

Now thirdly, what has become of Gonin’s insistence that the retina must be 
brought as close as possible to the choroid before and during operation? It 
remains happily true that in cases of very recent detachment, rest for the patient 
and immobilization of the eye in the correct position are, almost always, enough 
to re-establish contact between the retina and the choroid and so to restore the 
visual field in a way that never ceases to impress the patient—so much so, that 
he begins to wonder whether the operation for which he is being prepared, cannot 
be avoided? And we can also confirm that the sooner and the more completely 
this contact is re-established the better is the operational prognosis. 
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The pre-operational evacuation of the subretinal fluid by scleral puncture has 
no lasting effect. Carried out at the beginning of the operation, it has the major 
disadvantage of inducing a state of hypotonia which makes the rest of the opera- 
tion notably much more difficult. 

Intravitreous injection, however, of air, saline or alien vitreous, given at the 
end of the operation, can help to keep the retina in place. 

But what is to be done when the pre-operational re-establishment of contact 
between the retina and choroid (a concept as valid to-day as in the time of 
Gonin) cannot be achieved? It is said that when, on one occasion, a certain 
mountain declined to come to Mahomet, Mahomet decided to go to the moun- 
tain. So here, if the retina does not approach the ocular wall, the ocular wall 
must be encouraged to approach the retina. Thus ‘“Mahomet’s principle”—if 
I may so call it—has led to two approaches: the shortening of the sclera, and the 
buckling of the sclera. 

Linder—in 1931, when Gonin was still alive—was the first surgeon to shorten 
the eyeball by totally excising a segment of the sclera. He recommended the 
procedure in the following cases: (a) Aphakic eyes without detectable hole. (b) 
Aphakic eyes after unsuccessful operation. (c) Detachment with the retina 
fixed by strands. (d) Detachment operated upon several times without success. 

Linder’s technique was first adopted in this country, as far as I know, by Juler 
and Lister, and by Seymour Philps. 

In 1949, C. Dee Shapland conceived the idea of lamellar scleral resection and 
this is, of course, the method now favoured by most surgeons. De Shapland, 
from the start, indicated precisely which conditions he believed the method was 
likely to benefit: (a2) Aphakic eyes. (b) High myopia. (c) Unsuccessful operations. 
(d) Large dialyses. (e) After perforating injuries. 

In 1949 Weve recommended invagination (by means of firm sutures) of the 
intact section of the sclera which exactly corresponds with the tear; Arruga has 
recently advocated the circular tying-round of the eyeball—a last resort in 
almost desperate cases. 

The shortening techniques have without doubt increased our operative pos- 
sibilities, and enabled us to save—at least partially—many eyes that in the 
past would have been lost without hope. One can say the same of the buckling 
techniques, which aim at bringing the ocular wall and the retina together, as 
precisely as possible, in the exact site of the break. 

Jess in 1937, with his pad of cotton-wool kept in place for two weeks, seems 
to have been the first to achieve this necessary bringing into contact of the 
choroid and the retina. Custodis with his Polyviol implant, Schepens with his 
polyethylene or Silastic tubes, and Dellaporta with his chromic catgut, have 
further endowed us with techniques which can improve the prognosis in difficult 
cases, 

Fourthly with regard to the pathogenesis of tearing and detachment of the 
retina, we have recalled how Gonin had built up a composite concept solidly 
based on his personal experience of anatomical pathology and his use of the 
ophthalmoscope: In his view, the choroid, the retina and the vitreous were all 
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involved in a noninflammatory degenerative process—a process which developed 
especially in myopic or aged eyes. Has our knowledge in this field made any 
great progress? It is very doubtful. We must rather recognize that the problem of 
the pathogenesis of retinal tearing is still basically unsolved, and this in spite of 
numerous contributions that have been made to its study. 

According to Gonin, horseshoe tears (ruptures with flaps) are due to a tearing 
away of the retina at some point caused by some pathological adhesion of the 
vitreous. Pau recently offered the hypothesis that the adhesions were embryonic 
in nature. 

Gonin, and Vogt after him, held that multiple retinal holes without flaps 
resulted from a cystic degeneration of the retina. Many authors recently have 
clarified the role of the small vessels, of sclerosis of the chorio-capillary layer and 
of perisclerosis of the terminal sections of the retinal arteries. 

The general etiology of the disease of the eye which culminates in retinal de- 
tachment is as obscure as it was twenty-five years ago, except that we now assign 
more importance to the hereditary factor. 

The hope that was so remote for my master Gonin has at last been realized by 
Meyer-Schwickerath, the hope of prophylactic intervention in cases of retinal 
tears discovered before detachment, and of areas of chorioretinal dystrophy or 
atrophy discovered before the formation of tears. 

Photocoagulation has become the ideal method of prophylactic treatment, 
especially for the second eye of our patients. Indeed, whatever the fate of the 
first eye, we now must pay greater attention than we did in the past to the second 
eye, for there we often find suspicious peripheral areas of degeneration. 

If Gonin took the first step, the decisive one, on the road that led to the suc- 
cessful treatment of a disease that, before his days, was incurable, we can say 
with justice that the second step has now been taken by Meyer-Schwickerath. 
For it is he who has enabled us to intervene earlier in the pathogenic chain than 
Gonin could, the links in this chain being degeneration, tearing and detachment. 

From this historical survey we can conclude, I think, that the foundations laid 
by the master of Lausanne have held good because they were based on the labours 
of a man who was a sound scientific worker and a great doctor. His thought was 
penetrating while he himself was persevering and prudently audacious. 

I have frequently in this paper referred to Gonin as ‘“‘the Master’’. But if we 
think for one moment of the numerous eyes he saved from blindness, of the 
innumerable eyes saved from blindness since his death thanks to him, then a 
greater and perhaps nobler title may suggest itself to us: ““Gonin, the servant.” 


Comment: Though this article is printed in its entirety, the reviewer feels that a brief 
comment would not be redundant. The 3 basic principles expounded by Gonin have not 
changed over the years! 

(1) Expose the fundus completely; 

(2) Recognize breaks; 

(3) Close the breaks with diathermy. 

Though our surgical techniques have undergone radical change, the same principles 
remain. There is no question, either, that the individual skilled in the use of the indirect 
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ophthalmoscope will recognize more pathological changes in the retina than the physician 
who is limited to direct ophthalmoscopy. It is of greatest value in recognizing peripheral 
breaks, minimal residual retinal elevation, and the correct amount of diathermy reaction 
in the choroid. The indirect ophthalmoscope also permits more accurate localization of 
retinal breaks during the surgical procedure. 

With the advent of better anesthesia and surgical techniques, it is no longer necessary 
to keep the patient immobile for days to allow the retina to settle, and prolonged hos- 
pitalization is a thing of the past. 

The skilled ophthalmoscopist, as in Gonin’s day, will cure more detachments than the 
more dextrous surgeon who is less observant. 

The prophylactic treatment of retinal breaks is a new chapter which is just being 
written. The light coagulation apparatus can close holes as well as create them, and in 
this field accurate ophthalmoscopy is just as important, and even more difficult, than in 
the treatment of a patient with a frank detachment. 

P. Ross McDona.p 





GLAUCOMA 


ZUM KRANKHEITSBILD DES PIGMENTGLAUKOMS 
(ON THE DIAGNOSIS OF PIGMENT GLAUCOMA) 


P. LupER 
University Eye Clinic, Zurich, Switzerland 


Ophthalmologica, 1961, 141: 136-154. 


Pigment glaucoma probably occurs more frequently than is generally assumed 
since it is often not recognized as such by the ophthalmologist, especially in the 
early stages. The present study is based on the author’s 11 cases and the 28 
cases that have been reported in the literature. 

Pigment glaucoma represents a syndrome made up of the following symptoms 
or symptom groups: (1) pathological pigmentation, (2) symptoms of chronic 
glaucoma, (3) refraction abnormalities, and (4) general symptoms. 

Pathological pigmentation. Krukenberg’s spindle is almost always present in 
the region of the cornea. It was noted in 26 of the 28 cases in the literature and 
all of the author’s cases. In several of the latter an additional circular pigmenta- 
tion was observed at the periphery of the cornea, progressing toward the angle 
and more marked in the lower than in the upper circumference. 

The chamber angle shows a very characteristic picture in pigment glaucoma. 
Mostly, it is wide so that the band of the ciliary body can be observed every- 
where; there are no synechias of the root of the iris and there is marked hyper- 
pigmentation, more intensive at the bottom than in the other portions. The 
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root of the iris as well as the band of the ciliary body is sprinkled like cinnamon 
with pigment, but the pigment deposit is heaviest in the region of the corneo- 
scleral trabeculum, especially over Schlemm’s canal where a dark brown ring is 
visible. The author was unable to find the veil-like formation observed by Mal- 
bran in some of his cases and which Malbran interpreted as mesodermal remnants 
and for this reason included pigment glaucoma among the congenital glau- 
comas. 

Although in the younger patients atrophy of the iris stroma and pigment seam 
could not be demonstrated in any of the author’s cases, on transillumination of 
the iris a remarkable atrophy of the pigment layer was noted. Sometimes this 
took the form of circular peripheral or central structures and sometimes looked 
like a wheel with spokes. Atrophy of the iris pigment layer probably is part of 
the pigment glaucoma syndrome but is often not visible on diaphanoscopic 
examination in the early stages. 

Increased deposits of pigment can also be found in the lens and vitreous humor, 
especially on the anterior and posterior surfaces of the lens, but often only on 
the periphery so that the pigment is observed only on mydriasis or gonioscopy. 

Symptoms of chronic glaucoma. Three of the author’s patients complained of 
typical symptoms of glaucoma. In 5, glaucoma was discovered accidentally, and 
6 had been treated for a long time as simple glaucoma. In most cases the tension 
was between 20 and 40 mm. Hg. In half the cases the discharge facility of the 
aqueous humor was over 0.1, and in half, under 0.1, similar to the findings in the 
literature. 

The other glaucomatous changes in pigment glaucoma do not differ essentially 
from those of simple glaucoma. However, it was noticed in some patients that 
deficiency in visual function develops later and to a smaller degree in pigment 
glaucoma than in simple glaucoma. This may be due to the fact that the patients 
with pigment glaucoma are younger persons in whom the vascular components 
still have a smaller importance. Thus, 2 patients had had for years pressure 
values to 35 mm. Hg and used miotics irregularly because of visual deterioration, 
but in spite of this made use of complete visual function and a normal visual 
field. In another case symptoms of glaucoma appeared at the age of 28 but diag- 
nosis was not made until 25 years later. The left vision was still 0.6 to 0.7; the 
right visual field was reduced to a small temporal field. 

Myopia, mostly combined with slight astigmatism, is present in almost all 
cases of pigment glaucoma. However, in the 39 cases (28 in the literature plus the 
author’s cases) myopia of over 10 diopters was noted in only 3, and over 20 in 
one. 

The majority of pigment glaucoma patients are young men. Of the 39 cases, 
29 were in men and 10 in women. Twenty-five were under 45 years of age, 12 
between 45 and 60 and 2 over 60. The average age at onset is probably much 
lower. 

In summary it may be said that in pigment glaucoma we are concerned with 
a chronic glaucoma predominantly in younger, myopic males and characterized 
by atrophy of the iris pigment layer and ciliary body, with deposits of pigment 
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in the boundaries of the anterior chamber, particularly in the chamber angle 
and the posterior surface of the cornea where it leads to the formation of a 
Krukenberg’s spindle. Although the author did not find megalocornea in any of 
his patients, as described by Malbran, Etienne and others, he did observe, in 
agreement with Malbran and Calhoun, iridodonesis in several cases. 

The demonstration of central vein thrombosis in 3 cases (in both eyes in 2) 
appears noteworthy. Although an attempt was made to attribute these to pulmo- 
nary tuberculosis in one case, excessive solar irradiation of the head in the second, 
and chronic tonsillitis in the third, these explanations were not satisfactory in 
these men of 34, 39, and 44 years, respectively, with healthy circulatory systems. 
The fact that 5 of the 6 intraocular interventions were followed by some degree 
of hemorrhage in the anterior chamber seems to support the view that a still 
unknown vascular factor may play a role in the etiology of pigment glaucoma. 

The author is inclined to the view that pigment glaucoma is a primary de- 
generative syndrome in which myopia, atrophy of the iris pigment layer and 
ciliary body, as well as an increase in tension appear side by side. 


Comment: The relationship between pigment deposition and the development of 
glaucoma is re-emphasized by this author. Unlike Malbran, he finds no evidence of re- 
lationship to congenital glaucoma. This reviewer has been unable to find any such evi- 
dence of congenital defects, either. 

It is evident that, like simple glaucoma, the interval between the onset of degenerative 
changes in the iris pigment epithelium and the onset of glaucoma is long, probably at 
least a decade. 

Bick, at the 1961 Wilmer Institute residents’ meeting, succeeded in explaining the 
high incidence of men in the pigment glaucoma group. Apparently the onset of the de- 
generative pigment epithelial disease occurs earlier in men. Publication of Bick’s article 
will be an important help in the understanding of this disease. 

The reviewer has recently seen an adult patient diagnosed as pigmentary glaucoma in 
whom no Krukenberg spindle was present and a dense pigment ring was present on the 
Schwalbe ring. In this case an obvious congenital disturbance of the meshwork was 
present. This case emphasized the possibility of incorrect diagnosis if the various 
diagnostic features are incomplete or misinterpreted. 

Sau. SuGaRr 
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EXTERNAL DISEASE 


CONTRIBUTION TO THE DIAGNOSIS AND NON- 
SURGICAL TREATMENT OF AFFECTIONS 
OF THE LACRIMAL CANALS 


A. VERGEZ 
Paris, France 


Ann. ocul., 1961, 194: 193-216 


Chronic lacrimation is rarely helped by such common treatments as eye 
washes, and results of operations other than dacryorhinostomy are often dis- 
appointing. Systematic, methodological diagnostic and physiopathologic study 
is closely related to determination of therapy. 

The history discloses the duration of the lacrimation, its character, the con- 
ditions under which it occurs, former treatments, past chronic or acute infections 
and causative factors such as trauma, nasal infection, recurrent conjunctivitis 
or caustic burns. Examination of the area may disclose cicatrices due to trauma 
or operation, fistulas, dilation of the sac, entropion or ectropion of the lower lid 
disturbing the drainage. Palpation may reveal a painful point or provoke a 
reflux. In cases of enlarged sac, the drainage may go in any of several directions 
on pressure, suggesting obstruction of nasolacrimal ducts or of superior parts of 
the canaliculi. Permeability of the passages can be studied by installation of a 
colored fluid into the conjunctival sac. We use this method only in cases in 
which no obstruction has been found and as a postoperative test. Injection of the 
colored fluid into the lacrimal point gives definite information about the degree 
and site of the obstruction. West’s version of this test is favored by some workers. 
Exploratory catheterization with a Bowman no. 1 or no. 2 catheter gives 
valuable data about the superior and inferior canaliculi or their point of union, 
but we find that its use in the inferior vertical portion of the lacrimal passage is 
painful to the patient and not productive of much useful information. 

In our view, radiography with an opaque medium should be routine. Lipodiol 
has not proved satisfactory due to various disadvantages following its liquidity. 
We have found superior Gerigue’s 40 per cent calomel ointment (calomel, 40 
gm., Vaseline, 20 gm., mineral oil, 10 gm., lanolin, 30 gm.). This ointment is 
injected into the lacrimal point by means of a straight syringe such as Bar- 
thelémy’s or those used for injecting insulin. The injection is continued until the 
ointment begins to appear in the opposite lacrimal point. We then take front and 
profile films, adjusting the head position to eliminate confusion of the canaliculus 
with other structures. This ointment gives an excellent radiological model of the 
lacrimal passages, and it can also be injected before operation to make the 
passages more easily seen. Even though it completely obliterates the permeable 
passages, this is of short duration as the ointment is quickly absorbed. The 
medication also ameliorates or cures obstruction in a good percentage of cases. 
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Such cases are further treated by medicated ointments. The roentgenograms 
show stenosis or dilation of the lacrimal passages, and narrowing or obliteration 
at various sites. 

We have injected antibiotics or anti-inflammatory drugs in the same manner, 
and find the ointment superior to the usual fluids because it is gradually ab- 
sorbed, giving prolonged action. Injection under pressure is equivalent to cathe- 
terization. We have used this treatment in subacute or chronic prurulent or 
mucoprurulent dacryocystitis and canaliculitis. In cases of acute dacryocystitis 
with partial or total obliteration of the canal, systemic treatment is used first to 
reduce local symptoms. We rarely obtain complete cure by this treatment, but 
in the majority of cases we have obtained both subjective and objective im- 
provement. The same treatment is useful after dacryothimostomy. 


Comment: The author advocates radiography of the lacrimal ducts routinely. Except 
to determine if the ducts will empty themselves as Milder and Demarest demonstrate 
with Pantopaque, little or no information is obtained by radiography. Ointments con- 
taining Vaseline are not absorbed by the skin, serous surfaces or mucosa, so should not 
be used in an obstructed lacrimal sac. Antibiotic ointment in the lacrimal passage might 
inhibit bacterial growth but would do nothing to relieve the stricture. When the obstructed 
passage is patent, the infection disappears, and, when it is a problem, is best managed 
by systemic antibiotic administration. 

J. VERNAL CassaDY 


THE STUDY ON ENDOCRINE EXOPHTHALMOS 


An ExopHTHALMOS-PRODUCING REaAcTION (EPR) By THE SERUM OF PATIENTS 
SUFFERING FROM THYROID DYSFUNCTION 


Yasuo UEMURA 
Department of Ophthalmology, School of Medicine, Keio University, Seoul, Korea 
Keio J. Med., 1960, 9: 225-240 


In diagnosing unilateral exophthalmos in its initial stage, it is difficult to 
know whether it is inflammatory, neoplastic or endocrine. The age, history, 
onset of the disease, general conditions of the patient, the presence or absence of 
paranasal and intracranial disease, and the x-ray pictures offer much help. If 
the results of those examinations are negative and further clues are needed, 
thyroid function should be examined by means of basal metabolic rate, I'*! 
uptake, protein bound iodine measurements and exophthalmos-producing re- 
action (EPR) in a kind of fish, Carassius auratus var. japonicus, which is induced 
by injection of the patient serum. 

The sera used in the present study were obtained from 82 patients and 5 fish 
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TABLE 1 

















Intercorneal Distance of the Fish 
Diagnosis No. of Cases 
Increase No change Decrease 
Healthy persons. ..............ce00- 6 0 6 (100%) | 0 
I kp credivwencacs eas 57 15 (28.2%) | 40 (70.1%) | 2 (1.7%) 
NN, ooo e btw an dn wwece 4 2 (50 “) 2 (50 “)| 0 
Endocrine exophthalmos with euthy- 
ORAS Meee eae rere ere 2 2 (100 “ ) 0 0 
 ,  ocncaeeoneake’ 10 0 10 (100 “)| 0 
SS ch divisive pagiataiba mae 3 0 3 (100 “)| 0 











of similar age and size were used for each test. The test was regarded as positive 
if at least 2 fish showed exophthalmos. The degree of exophthalmos was calcu- 
lated as the percentage increase in the intercorneal distance in each fish, de- 
termined with a vernier caliper. The volume of serum injected into the peritoneal 
cavity of the goldfish was limited to 1.0 ml. in a single injection; occasionally 2 
injections were given at intervals of 8 to 16 hours. This volume rarely caused the 
death of the fish. 


RELATIONSHIP BETWEEN THYROID FUNCTION IN THE PATIENT AND EPR IN FISH 


When EPR was positive, the patient might be hyperthyroid or hypothyroid 
but was usually euthyroid. Similarly, when endocrine exophthalmos followed 
thyroidectomy or I'*! therapy, the patient might show evidence of thyrotoxicosis 
or of myxedema but usually had normal thyroid function. 


RELATIONSHIP BETWEEN EXOPHTHALMOS IN PATIENT AND EPR IN FISH 


EPR was generally negative in patients with hyperthyroid without exoph- 
thalmos. Exophthalmos-producing substance (EPS) may be temporarily in- 
creased in the early or progressive stage of exophthalmos with thyrotoxicosis, 
but EPR was almost negative in the stationary stage. Notice is drawn to the 
fact that positive results in such a high degree as 73.3 per cent were obtained at 
the early stage of 6 months from the beginning of the disease. When the ex- 
ophthalmos persisted over 6 months, the rate of EPR decreased markedly. 

In exophthalmos of long standing, a marked decrease of intercorneal distance 
was observed in fish receiving injections of serum. The author supposes that 
there are anti-EPS substances in such patient sera. 

There may be a rough correlation between the degree of exophthalmos in the 
patient and the degree of response in the fish. The degree of response in the fish 
became stronger as the prominence of the patients’ eyes increased. 

The author believes that EPR is a very important factor in determining the 
method of treatment for exophthalmos. Roentgen therapy to the pituitary 
region was effective in cases with positive serum, while cases with negative serum 
did not respond to the treatment. It is necessary to examine EPR before per- 
forming x-ray therapy; x-ray irradiation of the pituitary region should be 
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performed only in patients with positive sera. After x-ray therapy EPR became 
negative. These results indicate that EPS in serum is probably identical with or 
similar to the thyrotropic hormone of the pituitary. The test may be a guide 
to the surgeon on whether or not to remove the thyroid gland in cases of thyro- 
toxicosis. Further clinical and experimental investigation of EPR and EPS is 
planned. 


Comment: Here is another report of the value of the goldfish in assaying exophthalmos 
producing substance in clinical practice. If the diagnosis and course of the severe eye 
changes associated with thyroid dysfunction can thus be established, a very useful 
clinical tool is presented. However, the reason why the goldfish respond in the hands of 
certain investigators and not in the hands of others remains obscure. It may be that as 
the result of centuries of artificial breeding, goldfish differ in various parts of the world. 
In the United States there are no scientifically recognized subspecies, and, therefore, the 
term “‘var. japonicus” has no meaning. 

Dr. Uemura’s results support the clinical observations that the severe ocular changes 
of Graves’ disease follow a very variable, self-limited course. These are not directly related 
to the activity of the thyroid gland, may be of any degree of severity and become less 
active in a period ranging from a few weeks to many months. The efficacy of any form 
of treatment, including irradiation, is therefore very difficult to evaluate. 

This study is of great potential interest, but further work must be done before this 
type of assay can be considered to be of value to the practicing ophthalmologist. 

Rosert M. Day 





NEOPLASM 


THE DEVELOPMENT OF MELANOCYTOBLASTOMA OF THE 
CHOROID 


KARLHEINZ JUNGHANNSS 
Erfurt, West Germany 
Klin. Monatsbl. Augenh., 1961, 138: 91-96 


The diagnosis and therapy of relatively advanced choroid tumors is simple, 
but when findings merely suggest small tumors, positive diagnosis is a difficult 
problem. The fundus is at most atypical. Diagnostic puncture is overvalued as a 
method and not without risk. Tests with radioactive phosphorus give no absolute 
evidence in the posterior part of the globe. Few reports in the literature suggest 
the time required for development of a melanoblastoma from a small original 
lesion. The author has observed a case over 4 years, and his experience is re- 
ported as possibly contributing to the understanding of the development of these 
lesions. 
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A 59-year-old woman complained of a shadow in the right eye. Vision in the 
left eye was normal and in the right eye was 5/15. In the fundus on the superior 
temporal side of the papilla and beginning at its edge was seen an ischemic 
region about twice the breadth of the pupil in diameter. This area was attributed 
to local vascular disturbance following treatment for earlier cerebral hemorrhage. 
Two weeks after the first examination pigmentation was observed in the ischemic 
area, and after 2 months it had become a flat projection with a sharp outline 
and the blind spot had increased. The fundus remained essentially unchanged 
for the next 3 years, but at the end of this period, the patient reported slight pain 
in the region of the right eye, and a few months later vision had decreased to 
5/35, but without further change in the fundus. About 6 months after this 
examination the blood sedimentation rate was 10/15 Westergren. 

After 4 more weeks, about 4 years after the first observation, a sudden change 
was observed in the right fundus. The tumorous region was larger, partly covering 
the papilla, and was more prominent. The visual field had consistent changes. 
Opening the conjunctiva and transillumination of the posterior pole and the 
area of the papilla supported the diagnosis of tumor. Histologically, the tumor 
was diagnosed as melanocystoblastoma of the choroid. Somewhat similar obser- 
vations have been made by other authors. 


Comment: The trend of thinking today is that tumors arise de novo, by dedifferentiation, 
and not from pre-existing benign neoplastic cells. The case reported here by the author 
seems to support this view. We believe that benign melanomas of the choroid occur in 
1 to 2 per cent of otherwise normal eyes, but there are only a few cases on record which 
can be accepted as instances in which a malignant melanoma arose from a pre-existing 
benign tumor. 

ALGERNON B. REESE 





NEURO-OPHTHALMOLOGY 


A POSSIBLE EXPLANATION OF THE MECHANISM OF 
OPHTHALMOPLEGIC MIGRAINE 


JAMES P. WALSH AND Desmonp S. O’DoHERTY 


Department of Neurology, Georgetown University School of Medicine, 
Washington, D.C. 


Neurology, 1960, 10: 1079-1084 


The combination of ophthalmoplegia and a migraine-type headache can result 
from a variety of causes, such as tumors of the third and fifth nerves, aneurysms 
with or without rupture, vascular anomalies and intracerebral temporal lobe 
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hemorrhage. The situation, therefore, deserves clarification. Such clarification 
must begin with establishment of criteria for diagnosis. 

1. A history of typical migraine headache, that is, a severe throbbing headache 
usually unilateral, but occasionally bilateral or alternating. It is typically of 
the crescendo type and may last for several hours or days. 

2. Ophthalmoplegia. This may include one or more nerves and may involve 
one side or may alternate sides with attacks. Extraocular muscle paralysis may 
occur with the first attack or, rarely, precede it. Usually, however, paralysis 
appears subsequent to an established migraine pattern. 

3. Exclusion of other causes by arteriography, surgical exploration or autopsy. 
Certainly one may suspect ophthalmoplegic migraine in any case of intermittent 
ocular palsy with headache, but the clinical picture alone is not enough for a 
definitive diagnosis. Therefore, arteriography is the minimum additional re- 
quirement for diagnosis. 

Autopsy material is scarce despite the number of cases (200) of this syndrome 
in the literature. We were able to find only 8 cases with post mortem findings. 
Of these, only 1 can be definitely classified as uncomplicated ophthalmoplegic 
migraine. This patient fulfilled all 3 criteria. 

The etiology of the ophthalmoplegic migraine syndrome is as obscure as the 
etiology of migraine itself. However, it is probable that a mechanical factor is 
involved. It is usually assumed that the end stage of migraine is caused by, or 
is associated with, edema of intracranial vessels. These edematous arteries can, 
in turn, exert pressure on neighboring nerves. 

Several factors justify the theory of periodic pressure by edematous arteries 
on the involved nerves. 

1. The ophthalmoplegia is always a peripheral-type paralysis. The character of 
the symptoms clearly indicates that the nerve or nerves are involved in their 
extracerebral course. 

2. A vascular cause is suggested by the sudden onset and the gradual sub- 
sidence of the episodes. 

3. The process is usually transient, although a permanent paresis may some- 
times occur . 

4. Instances of the involvement of the third, fourth, and sixth cranial nerve 
or combinations of the three do occur. 

5. In some patients the use of vasoconstrictor drugs has relieved the ophthal- 
moplegia. 

6. Four cases with arteriograms demonstrate an interesting finding—a nar- 
rowing of the distal portions of the carotid artery. These include the case of 
Alpers and Yaskin, the case of Verbrugghen and 2 of the 3 cases reported here. 

Findings in our cases lead us to conclude that the basic pathophysiology of 
simple migraine and ophthalmoplegic migraine is the same, namely, a 2-phase 
vascular process. The more severe phase (swollen edematous arteries) is the 
immediate cause of ophthamoplegia, either by direct pressure on the nerves or 
by the edema interfering with the vasa nervorum to these nerves in their pe- 
ripheral course. This contention is supported by the facts that (1) in the majority 
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of cases, the paralyses occur after many years of simple migraine and (2) in 
each individual attack, paralysis occurs several hours or days after the headache 
phase. 

The narrowing noted in the ateriograms is most likely the result of the swelling 
of the artery. 


Comment: True cases of ophthalmoplegic migraine are rare. The authors have intelli- 
gently evaluated the criteria essential to correct diagnosis: (1) typical migraine head- 
ache, (2) ophthalmoplegia and (3) exclusion of other causes by arteriography, surgical 
exploration, or autopsy, with arteriography as a minimum additional requirement for 
diagnosis. 

Many of us from time to time see cases that are accompanied by cephalalgia with 
isolated or multiple extraocular muscle paralyses, and, lacking confirmation, are tempted 
to state that ophthalmoplegic migraine exists. Of the 200 cases that the authors reviewed, 
it is of some interest that they have really only selected 4, and only 1, reported by Alpers 
and Yaskin, which came to autopsy. This case, as well as the one by Verbrugghen and 
the 2 cases reported by the authors, demonstrated narrowing of the distal portion of the 
carotid artery. 

Details of the autopsy findings are not given, unfortunately, since this is the only way 
to substantiate our impressions that this carotid constriction is due to edematous swollen 
vascular walls as the end result of factors involved in migraine. Previous authors have 
stated that they felt cerebral edema was accountable for oculomotor paralyses on the 
basis of uncal herniation and involvement of the brain stem or the peripheral nerves in 
this manner. 

This reviewer would concur with the authors’ conclusions that, if the original criteria 
are adhered to and other pathology has been ruled out, the diagnosis of ophthalmo- 
plegic migraine is in rare instances justified and then the mechanism involved is that of 
direct pressure on the nerves in their peripheral course due to the swollen edematous 
carotid artery within the cavernous sinus. 

Tuomas R. HeEpecEs, JR. 


ACTH IN ACUTE NEUROLOGIC DISORDERS 


Tuomas W. WALLACE AND Guy H. WIL.IAMs, JR. 


Department of Neurology, The Cleveland Clinic Foundation and The Frank E. 
Bunts Educational Institute, Cleveland, Ohio 


Neurology, 1961, 11: 91-95 


Multiple sclerosis and the Guillain-Barré syndrome have been the focal points 
of much controversy regarding the usefulness of ACTH and cortisone in the 
treatment of neurologic disorders. Because of the variable clinical courses of 
these conditions difficulty was encountered in the conduct of carefully con- 
trolled studies. 
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The question of how multiple sclerosis responds to these agents is not dealt 
with to any extent, though the authors believe ACTH, especially by the intra- 
venous route, to be of benefit. During a period of several years, they have 
conducted a trial of ACTH therapy in approximately 360 cases of multiple 
sclerosis and other disorders. The lack of undesirable side effects was impressive. 
In 2 patients, an aqueous preparation given intravenously caused acute allergic 
reactions in the form of generalized urticaria. Edema and tachycardia occurred 
in one patient with rheumatic heart disease; there were 2 instances of acne. 
Mild transitory confusion and probably hallucinations in 2 patients were readily 
controlled with Compazine. 

In general, the most effective treatment program seems to be 20 or 40 units of 
ACTH given daily in slow intravenous infusions for 2 to 4 weeks, followed for a 
variable period by 20 units of ACTH gel given intramuscularly 2 to 3 days a 
week, 

Three case reports are presented to emphasize that in situations requiring 
prompt measures, dramatic results may be obtained with intravenous ACTH. 
In the first case a tentative diagnosis of Guillain-Barré syndrome was made. 
Cortisone therapy was continued for 5 days, with no satisfactory results. This 
treatment was replaced by daily intravenous infusions of ACTH by slow drip, 
followed by rapid improvement. In the second case, the tentative diagnosis was 
multiple sclerosis, neuromyelitis optica, or transverse myelitis. Throughout the 
patient’s hospital stay of 29 days, there was progressive improvement. One of 
the most remarkable results occurred in the third case reported, of a 7-year-old 
girl with a tentative diagnosis of leukoencephalitis. Among the symptoms there 
was marked optic disk pallor and nystagmus to right lateral gaze. Fifteen daily 
intravenous ACTH treatments were followed by daily intramuscular injections 
of ACTH gel. One month after ACTH therapy had been instituted the patient 
was discharged from the hospital, remarkably improved. Follow-up of this case 
showed very satisfactory results; except for optic atrophy, neurologic findings 
were normal. 

In the authors’ opinion, ACTH and corticosteroids are of definite value in the 
treatment of certain acute neurologic disorders. ACTH is more effective and 
safer than the corticosteroids; complications with ACTH therapy were essentially 
negligible, even with prolonged use. 


Comment: We are all familiar with the evanescent and transient quality of symptoms 
and signs in all the demyelinating diseases. This is just as true of optic neuritis as it is 
in more peripheral neurological pathology. It is also true that in the acute neurologic 
disorders we are faced with the treatment of an inflammatory disorder to the central 
nervous system of unknown etiology. The possibilities of its relationship to allergy and 
autoimmune states and the effectiveness of ACTH and corticosteroids in a multitude of 
conditions where the treatment is nonspecific are also well known. Such treatment is 
nonspecific in the sense that it is directed at mechanisms already set into play. The 
authors believe that ACTH is more effective than the corticosteroids in the treatment of 
multiple sclerosis. It is obvious, therefore, that there is justification for using ACTH 
and the corticosteroids in multiple sclerosis and Guillain-Barré syndrome as well as a 
postclamptic choreoathetotic who became hemiplegic after an arteriogram. 
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We must attempt to treat such acute disorders accompanied by varying amounts of 
inflammatory infiltration and edema in the central nervous system. Because many of 
these conditions do respond, it does not seem justification for the general note of pessi- 
mism which is prevalent in regard to the use of these agents. If one can merely minimize, 
in a case of optic neuritis, the amount of demyelination which affords a permanent deficit, 
then in this instance alone we are justified in using the drugs for further continued evalu- 
ation on a clinical basis. One cannot help but interject, however, that a controlled study 
with the use of placebos in alternate cases would be of infinite value. Such a study, though 
tried, has never been completed to date. Since the complications from the use of these 
agents are negligible, the use of these drugs tailored to the individual neurologic deficit 
seems at present to receive strong support, not only from ophthalmologists, but from our 
neurologist colleagues. 

Tuomas R. Hepages, Jr. 


PAPILLEDEMA IN CHRONIC RESPIRATORY ACIDOSIS 


Report oF A CASE, WITH STUDIES ON THE BLOOD-CEREBROSPINAL FLvID 
BARRIER FOR CARBON DIOXIDE 


Fetice MAnrrepi, CHARLES R. Merwartu, CuHarzes E. Bucktey, III, ann 
HERBERT O. SIEKER 


Department of Medicine, Duke University Medical Center, Durham, North Carolina 
Am. J. Med., 1961, 30: 175-180 


To date, the pathophysiology of papilledema in pulmonary insufficiency is a 
subject for speculation. A case of papilledema and retinopathy associated with 
respiratory acidosis is reported. Over a 3-month period serial and simultaneous 
determinations were made of arterial blood gases and cerebrospinal fluid pH 
and pCO». The resolution of the eyeground changes under appropriate therapy 
for the underlying pulmonary disease was followed with fundus photographs. 
These findings were correlated with the progressive changes observed in arterial 
blood and spinal fluid pH and pCO». 

A 55-year-old woman was admitted to the hospital for investigation of papil- 
ledema. Essentially asymptomatic bilateral papilledema with retinal hemor- 
rhages was discovered. This presentation exemplifies the diagnostic difficulties 
encountered in identifying the underlying disorder in cases of papilledema and 
retinopathy secondary to lung disease, since the pulmonary symptoms of this 
patient, as well as her chest findings on physical examination and roentgeno- 
grams, were not prominent. Her presenting complaint was severe back pain. 
After exclusion of other possibilities by appropriate studies, a more accurate 
history was obtained when the roentgenograms and the pulmonary function 
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studies indicated the presence of a significant degree of lung disease, and the 
arterial blood gases revealed evidence of respiratory acidosis. Arterial blood gas 
determinations on the day of admission would have delineated the degree of 
pulmonary insufficiency and clarified the diagnostic difficulties. The importance 
of this laboratory information in patients with papilledema and any suggestion 
of lung disease should be emphasized. 

The patient showed no evidence of congestive heart failure, primary poly- 
cythemia or significant elevation of cerebrospinal fluid pressure. She did, how- 
ever, manifest a marked degree of carbon dioxide retention. Papilledema was not 
secondary to increased intracranial pressure, which would be expected with 
diffuse cerebral edema. Apparently, hypercapnia and possibly hypoxemia can 
alter cerebral and retinal metabolism, resulting in papilledema and retinopathy. 

When the eyeground changes were still prominent, the arterial blood pH was 
persistently lower, and the pCO, higher, than the respective spinal fluid values. 
These findings must be considered as actual reversion of the normal gradients, 
since the pH and pCO, differences are definitely outside the limits of error ex- 
pected in the respective determinations. When the respiratory insufficiency was 
corrected, both gradients were reversed, 7.e., pH lower and pCO, higher in 
cerebrospinal fluid than in arterial blood. 

Hypercapnia and hypoxemia have been suspected as the cause of papilledema 
in respiratory acidosis. The results of this study suggest that in respiratory 
acidosis accumulation of carbon dioxide in brain tissue, as reflected by inversion 
of the normal carbon dioxide tension gradient between cerebrospinal fluid and 
arterial blood, may be related to the development of papilledema and retinop- 
athy. The role of hypoxemia in the pathogenesis of papilledema from respira- 
tory acidosis cannot be defined. 


Comment: This paper is of considerable interest to a clinical ophthalmologist who on 
occasion is asked to see a patient with papilledema who does not have other neurologic 
signs. These are usually considered cases of pseudotumor cerebri if the patient has a 
normal ventriculogram. Here the diagnosis is also accompanied by increased intracranial 
pressure. In the patient reported by these authors the spinal fluid pressure was normal. 
The authors did not, however, make a point of the fact that this patient had 70 mg. per 
cent of protein, which is usually considered somewhat elevated. They point out that in 
patients with papilledema who have respiratory disease, we should be aware of the raised 
pCO, value in the spinal fluid with reversal of the spinal fluid-arterial blood gradient. 
Normally the spinal fluid has a lower gradient than the blood. This reviewer suggests, 
therefore, that we obtain these values in all patients with pseudotumor cerebri and feels 
that this might well be done whether respiratory acidosis is expected or not. 

Along more academic lines, the pathogenesis of papilledema is so poorly understood 
that this paper is of some interest here also. The authors suggest that in respiratory 
acidosis, accumulation of carbon dioxide in brain tissue as reflected by the inversion of 
this normal CO, tension gradient between the cerebral-spinal fluid and arterial blood 
may be related to the development of papilledema. When the respiratory insufficiency 
was corrected, the eyeground changes regressed with reversion of the CO, gradients 
towards normal. The possibility of a toxic effect of carbon dioxide accumulation within 
the brain substance may be responsible for local vasodilation, increased cerebral blood 
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flow, increased vascular permeability, and possibly altered cell metabolism resulting in 
papilledema. The role of hypoxemia in the pathogenesis of papilledema respiratory 
acidosis, however, cannot be more clearly defined than this. To those interested in the 
pathogenesis of papilledema, it merely shows that, with either respiratory acidosis or 
with lowering of blood pressure, a relative stasis within the arterial system may reflect 
itself in edema not only of the cerebral variety but of the more local type that is shown 
here in the optic nerve itself. This lends credence to the hypothesis that local factors, 
either in osmotic or electrolyte balance, may play a very prominent role in the edema of 
the nerve head which we have in the past most commonly associated with increased 
intracranial pressure. 
THomas R. HepcEs, Jr. 





RETINA 


OCCURRENCE OF RETINAL PIGMENTATION, OPHTHALMOPLEGIA, 
ATAXIA, DEAFNESS AND HEART BLOCK 


Report OF A CASE, WITH FINDINGS AT AUTOPSY 


B. V. JAGER, Hersert L. Frep, Ronatp B. But Ler, AND Wiii1AM H. Carnes 


Departments of Medicine and Pathology and the Laboratory for the Study of 
Hereditary and Metabolic Disorders, University of Utah College of Medicine, 
Salt Lake City, Utah 


Am. J. Med., 1960, 29: 888-893 


In 1946 Refsum (Acta psychiat. et neurol., 1946, supp. 38, p. 1) described 5 
patients with night blindness, impaired vision, retinal pigmentation, deafness, 
ataxia, and a form of polyneuritis in which the spinal fluid protein content was 
increased. Subsequent studies suggested that Refsum’s syndrome is a form of 
interstitial polyneuritis. 

Recently, a 13-year-old boy with many of the previously noted features of 
this syndrome offered the authors unusual opportunities for study of the dis- 
order. Scrutiny of numerous photographs yielded a means of determining the 
time of onset and manner of progression of certain symptoms. This boy, previ- 
ously in good health, was observed closely during a period of 2 weeks in which 
impaired conduction of cardiac impulses resulted in his death. Careful post 
mortem studies revealed few abnormalities despite the striking clinical manifes- 
tations. 

The boy was referred to the hospital for management of suspected myasthenia 
gravis. At about the age of 10 he was observed by his family to have difficulty 
of hearing and limitation of the movement of the muscles of his eyes. Later 
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weakness of the muscles of the mouth became evident. He was treated for sus- 
pected myasthenia gravis with oral neostigmine and subsequently with pyrido- 
stigmine, without definitive results. In the last year the family had noted lack 
of coordination of the hand movements and gait. The patient’s strength and 
muscular development were apparently not affected; his work at school was con- 
sidered to be adequate. The past history was noncontributory. The family 
history disclosed only a paternal grandmother and a maternal aunt with diabetes 
mellitus. There was no history of consanguinity; the patient’s parents and 4 
brothers and sisters, aged 6 to 18, were in good health. 

The patient presented with facial weakness, ophthalmoplegia, retinal pigmen- 
tation, nerve deafness, mild ataxia and an elevated spinal fluid protein. Routine 
laboratory studies of the blood and urine were noncontributory. Visual fields 
with a Bjerrum screen were normal; visual acuity was 20/20 in the left and 20/30 
in the right eye. There was no color blindness. There was pronounced ptosis of 
both eye lids and the range of movement of the eyes in all directions was re- 
stricted to less than 10° from the usual forward gaze. There was no nystagmus. 
Beginning several disk diameters away from the nerve head and extending 
peripherally as far as could be visualized, the retinas were studded with minute 
black flecks of pigment no greater in diameter than the width of a retinal artery. 
Both the orbicularis oris and the orbicularis oculi showed weakness. Tests for 
myasthenia gravis gave only negative results. The patient was instructed to 
discontinue pyridostigmine and was discharged. 

Two months later he was readmitted because of nausea, vomiting and frequent 
formed bowel movements. The child appeared listless; the temperature was 
normal, respirations 12 per minute. The heart now seemed slightly enlarged and 
there was a prominent systolic murmur along the left sternal border. 

The disturbances in cardiac conduction led to a fatal outcome. Post mortem 
studies disclosed only minor changes in the extrinsic muscles of the eye and 
gave no clue as to the etiology of the cardiac conduction defect. No changes were 
demonstrated in the central nervous system or in the peripheral nerves. The 
length of illness and its progression suggest that in this case a familial disorder 
is represented which has clinical similarity to cases reported previously under 
the term, Refsum’s syndrome or heredopathia atactica polyneuritiformis. 

From perusal of 22 previously reported cases of Refsum’s syndrome, it is 
evident that certain features are relatively constant whereas others are variable. 
This disorder is thought to be inherited as a recessive trait; there is no sex 
predominance. Often the first symptoms appeared in the first or second decade. 
The course of the disorder is usually progressive but may be remittent. Sudden 
or unexpected death occurred in at least 6 of the 22 patients. 

The present case possessed some of the features of Refsum’s syndrome and was 
unusual in certain other respects. The retinal pigmentation, nerve-type deafness, 
ataxia, elevated spinal fluid protein, electrocardiographic changes and mode 
of death seem consistent with this syndrome. The lack of disease in other mem- 
bers of the family could be ascribed to the fact that it is transmitted as a recessive 
trait. Unusual for Refsum’s syndrome were the absence of a history of night 





678 SURVEY OF OPHTHALMOLOGY 


blindness, the lack of pupillary abnormalities, the lack of constriction of visual 
fields, the absence of ichthyosis, the failure to detect convincing evidence of 
peripheral neuritis and, finally, the inability to demonstrate perineural pro- 
liferative changes on post mortem examination. The facial muscle weakness and 
the external ophthalmoplegia also would be rare in this syndrome. It would have 
been desirable to detect in the patient whether or not the ophthalmoplegia and 
the facial weakness were myopathic or neural in origin and whether or not the 
cardiac conduction defect represented some definite form of myocardial damage. 


Comment: This interesting case report exemplifies the multiplicity of symptoms and 
signs which may be associated in degenerative and hereditary disease entities. That 
variable combinations exist is apparent when the references used in this paper are con- 
sidered. Kearns and Sayre (A.M.A. Arch. Ophth., 1958, 60: 280-289) described a some- 
what similar case and established that a primary myopathy may be associated with 
retinitis pigmentosa; their patient also suffered from heart block. Alstrom, Hallgren and 
Asander (Acta psychiat. et neurol. scandinav., 1959, 34, suppl. 129) described a com- 
parable syndrome in which diabetes, polydactyly and hypogenitalism were integral 
features. I have recently observed a deaf-mute who exhibited retinitis pigmentosa. This 
woman had a bifid vagina, cervix and uterus. She was married to a deaf mute with normal 
eyes. Their two children seemed normal at the time of examination. Another remarkable 
combination has been recorded by Kornzweig and Bassen (A.M.A. Arch. Ophth., 1957, 
58: 183-187) and by Jampel and Falls (Atypical retinitis pigmentosa, acanthrocytosis 
and heredodegenerative neuromuscular disease, A.M.A. Arch. Ophth., 1958, 59: 818- 
820). In these two papers it is shown that an abnormality of the blood may be part of 
a heredodegenerative syndrome. 

Frank B. WaALsH 


OPHTHALMODYNAMOMETRY 


JAVIER SERVAT 
New Haven, Connecticut 


Arch. Soc. amer. oftal. optom., 1960, 3: 123-126 


Ophthalmologists have recently been greatly interested in measuring the blood 
pressure of the central retinal artery. Baillart’s ophthalmodynamometer has 
proved practical for this purpose. But, although the systolic pressure is easily 
taken with this instrument, the diastolic pressure is more difficult to measure. 
Because the pressure of the foot against the sclera must be greater, the instru- 
ment may slip over the bulbar conjunctiva. Accurate reading requires holding 
maximal pressure to the last beat of the artery, which, unless it is expertly done, 
may lead to false readings. There is also the danger of possibly causing perma- 
nent obstruction of the artery. In cases of opacities of the cornea or 
other structures, visualization of the disk may be poor. 
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In order to avoid these difficulties, the patient’s other eye may be covered, 
and he can be asked to report when vision in the eye under examination darkens 
and disappears under pressure of the ophthalmodynamometer. Vision first 
deteriorates at the periphery, and 5 to 10 seconds later central blindness is pro- 
duced. The instrument is removed at this instant and the reading taken. Vision 
returns immediately on removal of the ophthalmodynamometer. 


Comment: In view of Dr. Frank Walsh’s recent comments about the paper of Dr. 
David Cogan given at the Section of Ophthalmology of the A.M.A., June 1961, one 
might be interested in the variation of ophthalmodynamometry technique. Use of the 
transitory blindness as an expression of systolic pressure of the central retinal artery may 
prove to be a useful modification. It would have been convincing if Dr. Servat’s report 
had revealed a correlation between this technique and other methods for estimating the 
systolic pressure. 

Irvine H. Leopoip 





INFLAMMATORY DISEASE 
DISCUSSION OF BEHCET’S DISEASE 


London, England 
Proc. Roy. Soc. Med., 1961, 54: 101-107 


ow 


BEHGCET’s DISEASE 


G. B. Dow.ine 
Proc. Roy. Soc. Med., 1961, 54: 101-104 


Although the discovery of this disease is usually ascribed to Behget, who 
published a paper on it in 1937, considerable ophthalmologic literature, largely 
in German, was published from early in the present century. Dermatologists 
and gynecologists also separately described the “partial” syndrome occurring 
without ocular manifestations. Whitwell was the first dermatologist to describe 
the complete syndrome in 3 cases, deporting oral and genital ulcers, relapsing 
iritis in 1 case, erythema nodosum, recurrent papulopustulous eruption and 
deep thrombosis of the leg. He noted also that ulcers and skin eruptions usually 
preceded the iritis by a day or two. Behcet 3 years later presented 3 cases, sug- 
gesting viral or distal responses to focal infection as possible causes. He was 
apparently unaware of the earlier literature. 

One view on the syndrome makes the oral aphthosis the basic condition, and 
another gathers together Behcet’s syndrome, Stevens-Johnson syndrome, and 
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Reiter’s disease under the name of mucocutaneous-oral syndrome. Analysis of 
124 case reports, omitting those with only oral and genital symptoms, shows the 
following characteristics: relapsing oral ulcers, 90 per cent of cases; relapsing 
genital ulcers, 84 per cent; relapsing iritis with hypopyon, 80 per cent; relapsing 
hydrarthrosis, 35 per cent; pustular skin lesions, 30 per cent; erythema nodosum, 
28 per cent; central nervous system disease, usually discribed as meningomyelo- 
encephalitis, 19 per cent; other skin eruptions, thrombophlebitis, epididymitis, 
other eye conditions and diarrhea, in smaller percentages. These figures show 
that the factors of greatest diagnostic importance are the ocular and oral and 
genital symptoms, one or more of which are sooner or later included in every 
case picture. It is also important to realize that these symptoms may appear in 
any order, although the ulcers most frequently precede the ocular symptoms. 
While some authors consider the ulcers in Behget’s disease as indistinguishable 
from ulcers due to other causes, the deep penetrating ulcers do seem different. 
Some, especially earlier authors, have described eye lesions without other 
symptoms. 

The pathology of the disease has been little studied. Observations suggesting 
a primary vascular lesion have not been confirmed by pathologists’ reports. 
The extreme sensitivity of the skin during the height of the attacks seems 
characteristic. Behget’s disease usually first appears during the third decade of 
life, and is twice as common in men as in women unless the combination of oral 
and genital lesions is accepted as part of the disease, in which case the incidence 
is highest among women. Men appear to have ocular manifestations more often 
than women. Most of the literature on virus etiology reports failure to isolate a 
virus. 

Reports do not suggest that any known treatment leads to complete or 
permanent recovery. Corticosteroids are generally used in an effort to relieve 
the more severe cases. 


VrroLocicaAL Aspects OF BEHGET’s DISEASE 


J. A. DupGEON 


Proc. Roy. Soc. Med., 1961, 54: 104-106 


The evidence for a viral cause of Behget’s disease stems from a general im- 
pression, since no other cause has been found, and from reports of virus studies, 
which need careful consideration. The few reports that a virus has been found 
do not necessarily establish a viral etiology. 

The disease does not follow the same pattern as other known virus diseases. 
First, virus diseases are ordinarily highly infectious, but there is no evidence 
whatever that Behect’s disease is communicable. Virus infections also usually 
run a course of 3 phases, including a symptom-free incubation period, an in- 
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fectious period in which the virus is present in the tissues, and a period of ac- 
quired immunity or resistance. This process has been followed in animals, and 
a picture of the pathogenesis of virus disease built up step by step. The sympto- 
matology, especially the characteristic recurrence and the absence of immunity 
of Behget’s disease, do not resemble the processes of any known virus disease. 
Moreover, cellular changes characteristic of virus disease are not observed in 
Behcet’s disease. 

Behget’s description of inclusion bodies, on which he based his theory of viral 
origin, is indefinite and suggests that he saw elementary bodies rather than 
inclusion bodies. Sezer’s detailed study reports isolation of the agent from the 
vitreous and subretinal exudates, which were tested with positive results in 
fertile eggs and in animal studies. He also described the appearance of the virus 
in electron microscope examination and observed antibodies in patients. Alm 
and Oberg transmitted disease through 4 generations of rabbits, and Evans 
produced transmittable lesions but no symptoms in animals and also found 
antibodies in the serum of 11 patients. Sezer’s and Evans’ observations differ 
considerably, but both are unusual. For example, it is unusual to find a prolonged 
viremia in the presence of antibodies, and they found antibodies only in patients 
whereas in virus disease antibodies are usually present in large percentages of 
the population. Some portions of the reports also seem somewhat incomplete. 

The agent in Behcet’s disease, if it is an unknown type of virus, does not 
resemble any that are at present known. 


OPHTHALMOLOGICAL ASPECTS 
E. 8S. PERKINS 
Proc. Roy. Soc. Med., 1961, 54: 106-107 


Although buccal and genital lesions may appear first, the patient does not 
usually seek medical aid until his eyes are affected. The opthalmologist is there- 
for often responsible for the diagnosis. The patient usually has acute anterior 
uveitis in one eye, often with hypopyon. The uveitis is recurrent and in the 
course of a few months becomes bilateral. The recurrences continue every few 
months until gross damage eventually leads to phthisis bulbi. Severe pain may 
not be relieved except by enucleation, and in the course of years one or both 
eyes usually become blind. Sezer believes that the ocular manifestations usually 
appear first in the retina as periarteritis or periphlebitis, sometimes with arterial 
or venous thrombosis and occasionally with hemorrhages. Retinal lesions have 
been reported in 50 per cent of some series and the optic nerve as involved in 15 
per cent, together with various other neurological complications. 

Of 1700 cases of uveitis seen in the Institute of Ophthalmology, only 7 were 
caused by Behcet’s disease. All were men and the averege age was 29. Six had 
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severe bilateral recurrent uveitis, one had hypopyon and one had hyphema. 
Marked vitreous haze prevented adequate fundus examinations in some cases, 
but retinal edema, sheathing of the vessels and venous engorgement were noted 
in 2 patients, and one had an active choroidal lesion. In one case involvement 
of the optic nerve led to papillitis and later to optic atrophy. In all but one, 
vision was 6/36 or less. All had recurrent oral ulcerations and two had genital 
ulceration. Three had some form of joint disease and one of these had psoriasis. 

Diagnosis depends largely on the recurrent uveitis and other associated lesions. 
The most difficult to diagnose are those whose lesions are largely confined to 
the retina. Differentiation from Reiter’s disease is necessary. Treatment has 
little effect on the outcome. Cortisone is thought to benefit the uveitis, but, 
should a virus etiology be proved, it would be contraindicated 


Comment: This group of articles on Behcet’s disease is an excellent review of one of the 
tragic problems in ophthalmology. Although the number of cases in the literature is not 
large, it is probably more frequent than this would indicate because, undoubtedly, many 
cases are not recognized. My personal experience is limited to 4 “known” cases that have 
all resulted in the loss of useful vision in at least one eye. This is obviously a clinical 
diagnosis because, as stated in the articles, there are no diagnostic tests that enable one 
to make a specific diagnosis. This is the usual problem when one cannot establish an 
etiological agent for a disease or disease syndrome. The pertinent features in Behcet’s 
disease are: (1) chronic course, (2) hypopyon iritis, (3) relapsing oral and/or genital 
lesions, and (4) hydrarthrosis. The retinal lesion may be present but, as stated by the 
various authors, the fundi may not be seen. The prognosis is very poor, and in my ex- 
perience (as stated by the authors) no treatment is effective. 

AtBerT N. Lemoine, JR. 





SPACE OPHTHALMOLOGY 


ADAPTATION TO BIZARRE STIMULATION OF THE SEMICIRCULAR 
CANALS AS INDICATED BY THE OCULOGYRAL ILLUSION 


AsHTON GRAYBIEL, FreD E. Guepry, WALTER JOHNSON, 
AND Rosert KENNEDY 


U. 8. Naval School of Aviation Medicine, U. S. Naval Aviation Medical Center, 
Pensacola, Florida; The U. S. Army Medical Research Laboratory, Fort Knoz, 
Kentucky, and the Defence Research Medical Laboratories, Toronto, Canada 


Aerospace Med., 1961, 32: 321-327 


When a person subjected to passive rotation in one plane turns his head in 
another, the subjective feeling is that of rotating in a plane approximately 
orthogonal to the other two. The total experience is complex in that the sensa- 
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tions of angular speed and displacement may seem discordant, the plane of 
apparent bodily rotation may shift, visual illusions may be perceived and 
symptoms referable to many bodily systems are exhibited. 

In the experiment reported here, adaptation in subjects living on a con- 
tinuously rotating centrifuge was studied utilizing a special case of the oculogyral 
illusion as the indicator. This illusion may be defined as an apparent movement 
of objects in the visual field, having its genesis in stimulation of the sensory 
receptors in the semicircular canals. The illusion corresponds fairly closely with 
recorded vestibular nystagmus in magnitude growth during constant angular 
acceleration and duration characteristics, with graded series of stimuli if the 
total reaction duration is 30 seconds or less. 

Four healthy men 19 to 23 years of age were exposed to tilt in a specially 
constructed chair mounted in a rotating room which is built around the center 
of a human centrifuge. The duration of the experimental run was 64 hours. The 
course of their adaptation to the oculogyral illusion showed wide individual 
variations, due in large part to the deliberate selection of subjects. Greater re- 
sponse was reported as associated with active compared with passive movement. 
This might have been due to the faster movement of the head during the active 
condition, the possible influence of cervical reflexes, or voluntary as opposed to 
passive movement. All 4 subjects showed adaptation during the period of 
observation, and in this regard they ranked in accord with their threshold for 
perception of the illusion. 

From the theoretical standpoint, the results of these experiments indicate 
great capacity in some subjects for habituation to an unusual sensory input. 
The motion of the head in relation to the room was not extraordinary, but, with 
the room rotating simultaneously, the pattern of stimulation of the semicircular 
canals was unusual. 

Information obtained appears to have implication to anticipated problems in 
manned orbiting satellites and to any rotating installation where personnel will 
be exposed to angular velocities above 2.0 rpm. It clearly applies to certain 
ground installations, such as rotating radar towers, where maintenance personnel 
will be exposed daily to constant angular velocity for periods of 4 hour or more, 


Comment: This is another in the series of studies by these authors on the oculogyral 
illusion. This one helps to define visual capabilities under a possible condition of space 
flight. Rotation of space stations has been considered as a means of overcoming weight- 
lessness by the production of a sort of artificial “gravity’’ due to centrifugal force. There 
has been speculation as to the effect of such rotation on the semicircular canals and visual 
functions. 

The experiments here reported seem to indicate that humans can adapt to such motion 
after a time and visual functions will not be seriously impaired. 

The “withdrawal” symptoms produced when rotation is stopped are interesting. This 
effect is apparently greatest in the individual who has adapted best to rotation. 

Vicror A. ByRNEs 
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THERAPEUTICS 


CRYOGLOBULINEMIA: RATIONALE OF TREATMENT OF A CASE 
BASED ON UNUSUAL PROPERTIES OF CRYOPROTEIN 


Rosert D. Koier, Demetrios A. Rigas, ArtHur J. SEAMAN, 
BERNARD PrrRoFsKy, AND Roy L. Swank 


Portland, Oregon 
Am. J. Med., 1960, 29: 857-864 


Cryoglobulins, abnormal plasma globulins which precipitate when cooled, 
have been reviewed by Volpé and by Mackay in 1956. The present paper reports 
a case with unusual cryoglobulin, which was stabilized both in vitro and in vivo 
by organic amines and had a long turnover time with a half time of 19 days. 
Repeated plasmapheresis reduced the amount of cryoglobulin and cleared the 
clinical symptoms. 

A 48-year-old man was admitted with a history of increasing episodes of 
bleeding, beginning with self-limited epistaxis and leading to melena and 
hematuria. He bruised easily, was readily fatigued, and complained of dyspnea 
on exertion and visual impairment. All symptoms were augmented by cold. 
Physical examination showed faint cyanosis of fingers and feet, spider angiomas 
and prominent capillary circulation on the face and neck, and greatly distended 
tortuous veins with sausage-like indentations where the arterioles intersected. 
Flame-shaped hemorrhages were also present in both fundi. Blood pressure 
was 146/98 mm. Hg. The liver and spleen were palpable. 

Beside the usual laboratory tests, special studies were made. After standing 
at 4°C., the plasma contained a clear gelatinous precipitate which made up 
around 40 per cent of its volume and dissolved on warming. When cooled 
gradually from 37° to 4°C., gel formation started at 26°, but the critical point 
rose to 37° when the plasma was dialyzed with 0.9 per cent sodium chloride. Of 
over 110 solutes tested, several stabilized the abnormal protein in solution. These 
included glucose and urea and amino acids, of which lysine and ornithine were 
most effective. Repeated cold precipitation of supernatant plasma removed 
most of the abnormal protein, and bovine thrombin caused gelatinous clots to 
form which could be removed by repeated use of thrombin followed by cen- 
trifuge. Addition of lysine reduced the amount of clot formed by thrombin, and 
had a similar effect in a number of other clotting systems tested. Ultracentrifuge 
showed that the abnormal protein was not a macroglobulin. 

A marked increase in blood viscosity correlated with the amount of cryo- 
protein, and the effect of increased viscosity could be observed by biomicroscopy 
of conjunctival vessels. Circulation time, however, remained normal. The 2 
amino acids which prevented gelation best in vitro were tested also in vivo. 
Plasma viscosity, the amount of cold precipitate, and the conjunctival blood 
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flow were all improved, especially after giving lysine. The patient had no un- 
toward reactions, but an apparent rebound phenomenon led us to abandon the 
treatment. Negative nitrogen balance at first caused increased cryoprotein, 
followed by decrease, which continued when weight was stabilized. 

A sample of purified cryoglobulin labeled with I'*! was given during the 
nitrogen balance study. The rate of disappearance followed an exponential 
slope with a half-time of 18.8 days. Because of the long turnover time the pa- 
tient was treated by removal of 250 to 750 cc. of plasma at 2- to 6-week intervals 
for a year. All three parameters improved, bleeding stopped, and the patient’s 
strength improved. Clotting has been normal since the cryoprotein level reached 
a level of 7 gm. per cent. Except for a temporary fall in serum albumen, other 
serum proteins have not changed significantly. 

Our data indicate that in this case eryoglobulin copolymerizes with fibrinogen 
forming a loose gel rather than a normal fibrin clot. Possible mechanisms are 
discussed. 


Comment: The authors are to be congratulated on the completeness and thoroughnes$ 
of the studies concerning this patient. Their removal of the abnormal protein by plasma- 
pheresis was followed by a reduction in cryoglobulin concentration from 9.5 to 4.4. gm. 
per cent. This resulted in correction or improvement of all abnormal clinical and labora- 
tory findings. Prior to treatment the authors noted on ophthalmoscopic examination 
“greatly distended tortuous veins with ‘sausage-like’ indentations where arterioles inter- 
sected their course, as well as flame-shaped and well demarcated hemorrhages in both 
fundi”. After treatment the authors did not specifically mention ophthalmoscopic ex- 
amination, but it is assumed that this returned to normal. They do mention that bio- 
microscopic examination of the conjunctival vessels showed improvement. Previous to 
treatment this study revealed the effect of increased viscosity in that there was ‘‘marked 
engorgement of the capillaries, and only a few had visible motion of red cells, and these 
showed marked sludging and slow rate of flow’. Although the treatment with plasma- 
pheresis evidently played an important part in the remission of this man’s illness, it is 
also possible that there may have been a naturally occurring remission which would have 
occurred during the course of the natural disease of this individual. It is too bad that 
there is no description of the ophthalmoscopic examination prior to death. 

This report does show how such ingenious treatment can help bring about a remission 
if not a cure. It also points out the great difficulty in treating a condition such as cryo- 
globulinemia whose basic cause is still unknown. Attention is again called to the oph- 
thalmologist to cooperate with the internist and study completely any patients who show 
dilated retinal vessels and hemorrhages and evidence of a slowed peripheral conjunctival 
circulation. Only by such complete studies and ingenious methods of treatment as ex- 
emplified in this case may we learn more about cryoglobulinemia. 

Ricuarp A. ELLs 
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MICROBIOLOGY 
STUDIES ON HERPES SIMPLEX 


X. Tue Errect oF CortTIcOsTEROIDS ON HERPETIC KERATITIS IN THE RABBIT 
E. JawetTz, M. Oxumoro, AND M. SonNE 


Departments of Microbiology and Ophthalmology and Proctor Foundation for 
Research in Ophthalmology, University of California, San Francisco Medical 
Center, San Francisco, California 


J. Immunol., 1959, 83: 486-490 


Ointments containing corticosteroids have been very successful in the treat- 
ment of conjunctivitis or keratitis due to several etiologic agents, with one 
striking exception. In the presence of infection with herpes simplex virus, corti- 
costeroids not only failed to arrest the process but led to a spreading, destructive 
involvement which often resulted in perforation of the cornea and subsequent 
loss of the eye. This detrimental sequence was observed not only when corticos- 
teroids were applied to acute dendritic herpetic keratitis but also in subacute 
lesions involving the corneal stroma. Furthermore, the application of corticos- 
teroids for protracted periods to the human conjunctiva occasionally activated 
a latent herpetic keratitis. In rabbits the administration of corticosteroids simi- 
larly aggravated experimental keratitis due to herpes simplex virus and fre- 
quently led to loss of the eye, whereas in animals not receiving corticosteroids 
the herpetic keratitis regularly healed. 

Experimental findings made it reasonable to assume that in the herpetic 
keratitis of rabbits topical corticosteroids might aggravate the process by en- 
hancing viral growth and thereby increasing cell destruction. From studies 
made on rabbits for the purpose of testing this hypothesis, it is evident that the 
marked aggravation of herpetic keratitis in the rabbit by corticosteroids cannot 
be attributed to a larger amount of virus produced in the cornea, with con- 
comitant greater destruction of host cells. Virus titers were similar in steroid 
treated and untreated rabbit corneas during the entire course of infection. The 
possibility that corticosteroids may exert their harmful effect in herpes simplex 
infection by interfering with normal reparative processes and with the structural 
integrity of the cornea is now being investigated. 


Comment: It is known that anti-inflammatory steroids inhibit the formation of new 
antibodies in animals that have received these agents. If this occurs in herpes infected 
corneas one would expect, as the author suggested, that greater virus proliferation would 
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occur in corneas under hydrocortisone therapy. The above study, though well controlled, 
does not necessarily rule out this possibility. Increased virus multiplication could con- 
ceivably be masked by even threshold levels of locally produced antibody or virus in- 
activating substances. Thus, if small amounts of such substances were able to form locally 
before total inhibition by anti-inflammatory steroids became effective, these former sub- 
stances would be released along with virus when corneas were mechanically homogenized. 
Such virus inactivating substances would have an opportunity to react with virus and 
prevent a true estimation of viral content. Virus inactivating substances do occur in 
herpes infected corneas and have been isolated from epithelial cells in our own laboratory. 
Further information is needed about these substances, such as the earliest time of oc- 
currence in steroid treated and untreated eyes, degree of activity and source and nature 
of the inactivating substances formed. 


T. W. Spry 


EFFECT OF INTERFERON ON EXPERIMENTAL VACCINIA AND 
HERPES SIMPLEX VIRUS INFECTIONS IN RABBITS’ EYES 


Kart CANTELL AND VEIKKO TOMMILA 


The State Serum Institute and the Helsinki University Eye Hospital, Helsinki, 
Finland 


Lancet, 1960, 2: 682-684 


The inhibiting effect of interferon on the multiplication of various viruses in 
tissue cultures and in chick embryos has been clearly demonstrated. But the 
activity of interferon in vivo has so far been proved only by its ability to inhibit 
locally the development of vaccinia lesions in rabbit skin when injected before 
or along with the virus. The present paper is a report on the effect of interferon 
on the course of experimental vaccinia and herpes simplex infection in the 
rabbit’s eye. 

A superficial scarification was made on the corneas of anesthetized white rab- 
bits with a trepan, producing a circular lesion of 5 mm. diameter, and 0.05 ml. of 
virus was then instilled on the cornea. Immediately after virus inoculation, 
about 0.2 ml. of interferon was dropped into the right eye, and 0.2 ml. of the 
control preparation into the left eye. This application was repeated during the 
next 4 days, about 6 times daily. The eyes were then inspected every second 
day. When lesions had developed, both macroscopic and biomicroscopic examina- 
tions were made. Fluorescein staining facilitated the estimation of the corneal 
lesions. Hereafter, the right eye will be termed the interferon eye, and the left 
eye, the control eye. 

Interferon alone was instilled in the same manner on the eyes of 2 rabbits in 
order to study any possible toxic effects of the substance. None was found. 
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The onset of an apparent vaccinia infection was clearly delayed in the eyes 
treated with interferon for 4 days after virus inoculation. Moreover, the disease 
was milder in the interferon eyes than in the control eyes. The herpes simplex 
infection was more rapid and severe than the vaccinia infection. The course of 
infection varied considerably in individual eyes, but no clear and consistent 
difference could be observed between interferon and control eyes. 

Slight signs of infection are more easily observed in the eye than in the skin. 
Attempts are now in progress to suppress vaccinia infection in rabbits’ eyes by 
prolonged treatment with concentrated interferon preparations. If interferon 
can be used in man without harm, superficial viral infections of the eye might 
very well lend themselves to the study of the activity of interferon. Some of these 
infections still constitute an important and difficult medical problem. 


Comment: Interferon, the nonviral, soluble proteinaceous product (or group of products) 
produced by cells which have been treated with inactivated virus, is still an experimental 
entity and, at the present time, of no value clinically. 

Although attempts have been made to use interferon in vivo therapeutically against 
vaccinial skin infections in rabbits, a positive inhibition of virus activity has been con- 
fined only to a prophylactic action; the interferon is effective only if applied with or 
shortly after virus inoculation. The above authors have lent some confirmatory data to 
this problem with respect to vaccinia virus infections in rabbit eyes. It is possible that 
the herpes infections were resistant to similar treatment because interferon products 
vary in composition and specificity depending on the mode of production (in this instance 
the system used was mumps virus versus rabbit kidney epithelial cultures). Because the 
above treatment was started coincidentally with virus inoculation, one must interpret 
the vaccinial inhibition as prophylactic since a sizable fraction of virus inoculum could 
have been kept from invading cells initially. The eventual infections which did result 
after 9 days could have been due either to termination of the treatment or to a delayed 
action resulting from a small fraction of cells being infected at the outset. 

A true trial in vivo for any chemotherapeutic agent has to be one in which the interval 
between inoculation and treatment is equal to, or greater than, the time required for 
inocula to infect cells. 

T. W. Sery 


PROOF OF TOXOPLASMA ORGANISMS IN THE AQUEOUS 
IN ACQUIRED TOXOPLASMOSIS 
H. Conraps 
University Eye Clinic, Munster 1.W., Germany 
Klin. Monatsbl. Augenh., 1961 138: 30-33 
Bacteriologic investigations of the anterior chamber punctate in patients with 


uveitis have shown that the number of possible causative organisms is very 
great. In particular, toxoplasmosis has been found to be of frequent occurrence 
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in adults. Organisms identical with Toxoplasma organisms have been demon- 
strated in enucleated eye tissues. Early establishment of the diagnosis of ac- 
quired toxoplasmosis in the diseased eye is a matter of great importance. The 
following methods of investigation are available for this purpose: the Sabin- 
Feldman test, the complement fixation eaction, investigation of the aqueous for 
bacteria by quantitative serologic stuc. es and inoculation of the causative agent 
into the mouse peritoneum. 

The present work is a report on the demonstration of the organisms obtained 
by investigation of the aqueous of a 54-year-old woman with bilateral chronic 
panuveitis of 7 years’ standing. She stated that no improvement had been 
produced in her condition despite several years of treatment, and that in the 
course of the elapsed period her ability to see had decreased greatly. She was 
otherwise healthy. She came from rural surroundings and was constantly in 
contact with domestic animals. 

Anterior puncture of the right eye was carried out by the von Amster tech- 
nique. Investigation with the Ziel-Neelsen and methylene blue stains and ob- 
servation of the preparations with the fluorescent microscope were nondemon- 
strative. In the May-Griinwald stained preparations, however, small oval cell 
bodies were found which must be regarded as protozoa. These bodies were 
3.2:1.2 uw in size and appeared in various forms: (1) oval, finely granulated over 
the whole surface and staining dark blue; (2) oval, with a sharply defined mem- 
brane, also with symmetrical granulations on the outer surface; in these, the 
large oval protoplasmic cell body, like the granulations, stained blue and was 
homogeneous, while the cell membrane stained light green, and (3) a form similar 
to (1), but with a distinct excentric, circular cell nucleus; on this form, too, 
striking granulation was evident. A fourth form, substantially different from the 
other 3, was slender in shape and segmented, with a vacuole in each segment. 
This form, however, also had a defined cell membrane. At each pole was a little 
red staining protoplasmic vesicle outside the cell, the body of which stained a 
yellowish brown. 

The existence of these images in the aqueous and the clinical condition led to a 
diagnosis of toxoplasmosis even before a Sabin-Feldman test had been made. 
Their presence also warranted the final conclusion that the patient’s condition 
was due to toxoplasmosis, especially as the result of the Sabin-Feldman test 
when obtained was elevated. The diagnosis was further confirmed by a favorable 
response to treatment with Daraprim and Supronal. Inoculation into the mouse 
peritoneum, however, was not possible because the patient refused an addi- 
tional puncture. 


Comment: The case presented would be the first reported in ophthalmic literature in 
which extracellular Toxoplasma organisms were recovered from the aqueous. It is re- 
grettable that corroborating tests, which could have been carried out on the aqueous, 
were not performed, thus leaving the diagnosis highly uncertain. 

The author mentions the possibility of inoculating the aqueous intraperitoneally into 
the mice. In view of the small amount of material which the cameral puncture yields, the 
reviewer would have suggested Halbert’s hemagglutination inhibition test or O’Con- 
nor’s agar diffusion technique or both. These are not as cumbersome as intraperitoneal 
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inoculation and extremely sensitive. The latter would be particularly suitable in this 
case since, according to the author, the aqueous was rich in cells. 

The patient in question had a severe, chronic, bilateral, nonspecific granulomatous 
uveitis, judging from the description. The diagnosis of toxoplasmic uveitis rests on a 
strongly positive Sabin-Feldman test (the e .ct titer is not given) and a favorable re- 
sponse to Daraprim and Supronal. Unfortu tely, a positive dye test is present in a 
large segment of the population and a proof o: therapeutic response is not reliable since 
the condition is sometimes known to undergo spontaneous remissions or to resist therapy. 

The author followed the Amsler-Verrey technique in performing the cameral puncture 
and staining of the cellular sediment. Any one who has experience with this method is 
aware of the difficulties in obtaining recognizable cells and organisms, and the reviewer, 
who spent many an hour trying to produce a cytological profile of the aqueous, tends to 
agree with the comment of von Sallman: “Maybe I just was not good enough” Uveitis 
symposium, Surv. Ophth., 1959, 4: (Part II) 275). 

The accompanying figure shows isolated spindle-shaped organisms 3.2:1.2 u possessing 
a thick capsule. The reviewer has no experience with live Toxoplasma organisms and can 
only quote the description and slides presented by H. Wilder Foerster and Michael J. 
Hogan: the extracellular toxoplasma, as found in the mouse peritoneal fluid, is 7u long, 
4u wide and usually crescent. It is generally agreed that in human eyes toxoplasma is to 
be found in the retina, never in the iris, and can be identified by its pseudocysts with 
the typical rosette formation. 

The article has the merit of reminding the students of toxoplasmic uveitis on this side 
of the Atlantic of the unexplored possibilities of the diagnostic aqueous aspiration. 

MicuakEt I. WoLkowicz 





PHYSIOLOGY 


ELECTROPHYSIOLOGICAL EVIDENCE FOR A MECHANISM OF 
COLOR VISION IN THE GOLDFISH 


E. F. MacNicuot, Jr., M. L. WotBarsat, anp H. G. WAGNER 


Johns Hopkins University, Baltimore, Maryland, and National Naval Medical 
Center, Bethesda, Maryland 


From Light and Life, edited by William D. McElroy and Bentley Glass, pp. 
795-815. The Johns Hopkins Press, Baltimore, 1961. 


The most peripheral localized sign of electrical activity discovered in the retina 
to date was found some years ago by Svaetichin in the region of the second-order 
neurons with which the receptors synapse. He showed that potential changes in 
response to flashes of light could be obtained from localized regions in the isolated 
retinas of fish by means of ultramicropipette electrodes. One potential, called by 
Svaetichin the luminosity or ““L” response, appeared abruptly when the electrode 
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reached a certain depth in the retina. The approach to this region was usually 
signaled by the sudden appearance of a negative resting potential of 25 to 35 
mv. and large negative going (hyperpolarizing) electrical changes during illumina- 
tion. 

The other type of intraretinal response, called chromatic or ‘“C’”’ response by 
Svaetichin, was obtained from a slightly more proximal region of the retina. 
It also appeared abruptly with the sudden appearance of a resting potential. 
When the retina was illuminated by flashes of light from the short wave end of 
the spectrum, the responses were negative and indistinguishable from the 
“L” type of responses. Both “L’’ and “C” responses have been recorded by the 
present authors from the goldfish retina by means of micropipette electrodes. 
The responses were qualitatively the same as those described by Svaetichin. 

An investigation was made of the discharges of the retinal ganglion cells. 
Most of the units, when stimulated with light, gave an ‘“‘on-off” type of discharge 
pattern; that is, they gave a short burst of impulses when the light was turned 
on and a brief burst when the light was turned off. Many of these ‘on-off’ units 
gave a response that was dependent upon wavelength in a very unusual way. 
If a series of flashes having a duration of 0.5 seconds or so were presented at 
regular intervals of a second or two, the “on-off” pattern showed wave length 
dependency. At short wave lengths, where the chromatic response was large 
and negative, there was a vigorous ‘‘on” discharge from the ganglion cells; 
as the wave length was increased the number of ‘‘on’’ impulses decreased just as 
the amplitude of the “‘C” response decreased. Where the “‘C”’ response became 
zero there was a transition from “on” to “off”. Where the amplitude of the 
depolarizing phase of the “‘C’”’ response was greatest the number of “off” re- 
sponses was also maximal. In some units, “‘on’” and “off” responses were both 
discharged at intermediate wave lengths, with a decrease in the number of “off” 
responses with increasing wave length. 

An “on” response was obtained from 400 to 610 my. At 640 my no “on” 
response was obtainable at any intensity; but a higher “off” threshold could be 
obtained out of 750 my, the long wave length limit of the monochromator. 
Beyond 510 my no “on” response could be obtainable even at the maximum 
output of the stimulator, although a vigorous “off” discharge was present. An 
“off” response could be obtained at wave lengths shorter than 600 my even in 
the presence of a vigorous ‘‘on’’ discharge. In this unit the “off” discharge 
appeared to be combined with a strong inhibitory effect on the ‘‘on’”’ discharge. 
However, the “‘on’ discharge was not associated with the inhibition of the “off” 
discharge, which could be obtained over nearly the entire spectrum. 

Further evidence that it is in fact the ‘off’ process that inhibits the “on” 
response was obtained from an experiment in which typical blue sensitive ‘‘on”’ 
and red sensitive “‘off” responses were found. After adaptation to deep red light, 
the sensitivity of the “off” response was greatly decreased while the threshold 
of the ‘‘on’”’ response was slightly increased. However, an ‘‘on” threshold could 
now be obtained throughout the entire visible spectrum. Thus, the effects of the 
adaptation to red light were both to depress the sensitivity of the “off”? process 





692 SURVEY OF OPHTHALMOLOGY 


and to release the ‘‘on” process from inhibition in the red end of the spectrum. 
After dark adaptation, the “‘off”’ response returned to its original threshold and 
the ‘‘on” process became slightly more sensitive but was again inhibited com- 
pletely in the red portions of the spectrum. Thus, inhibition appears to be an 
active process which always appears when there is an “off’’ discharge. As the 
intensity was increased, an “‘off” discharge was produced. When the “off” dis- 
charge became very vigorous, the “on” response was completely inhibited. 
Beyond 625 my the thresholds obtained with these criteria were essentially 
indistinguishable. Between 575 and 600 my the inhibition during illumination 
had a higher threshold than the “off” response, presumably because of the very 
vigorous “‘on” excitation present in this region of the spectrum. The “off’’ re- 
sponse is intimately associated with the inhibition, during illumination, not only 
of the ‘‘on” response but of the “off” response to a preceding stimulus and of 
spontaneous activity as well. Therefore, the “off” discharge itself is believed to 
be the excitatory effect of a sudden release of inhibition. It is neither due to 
to excitation during darkness nor dependent on any pre-existing impulse activity, 
whether it be spontaneous or in response to light. 

In these examples, the “on” response has represented a short-wave length 
sensitive process, and the “off’’ response, one with maximum sensitivity in the 
long-wave region. Many units have been found in which the converse is true. 
Still other units have been found in which the “on” and “off” responses had 
nearly identical spectral sensitivity. 

It appears that ‘‘on-off”’-type ganglion cells giving rise to the messages in the 
individual optic nerve fibers can be classified into at least 3 subtypes: (1) a 
short-wave “on,” long-wave “off,” unit, (2) a short-wave “off,’’ long-wave 
“on” unit, and (3) a unit which gives both “on” and “off” responses more or 
less equally throughout the spectrum. 

In the goldfish retina electrophysical evidence can be found for color vision. 
When taken together, the chromatic “C” and luminosity “L’”’ responses re- 
corded in the intermediate layers of the retina contain sufficient information 
to permit the animal to distinguish various colors as well as brightness. The 
wave length sensitive “on” and “off” responses from the retinal ganglion cells 
should be adequate to transmit this color information to the brain. Further- 
more, the sensitivity curves obtained from these responses suggests the possible 
presence in the receptors of three photopigments with the absorption maxima 
at 500, 600 and 650 my. The 500 and 600 my pigments can be adequately fitted to 
curves of the rhodopsin type calculated from Dartnall’s nomogram. The 650 
my pigment has a much narrower absorption curve than the theoretical one. 

At present many problems remain unsolved. The actual absorption curves of 
the pigments must be measured. The ganglion cell responses must be more closely 
correlated with the “C” and “L” responses. The color discriminating ability 
of the goldfish must be studied in more detail to allow accurate comparisons with 
the electrophysiologic data. 


Comment: There are several sources of confusion in this article. “On” and “off’’ re- 
sponses from a single “chromatic” ganglion cell in a fish retina do not have the same 
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meaning as in other classes of vertebrates, where the “on” responses express rod activity- 

In the fish, apparently different types of cones funnel into a chromatic element and 
are responsible both for its “‘on” and “off’”’ manifestations and for its negative and positive 
responses in different wave length bands. 

In their species the authors do not find 2 kinds of chromatic elements, each embodying 
cones of 2 types as regards wave length bands of responsivity. They do not point out that 
the goldfish thus fails to support any application of the opponent-colors (Hering) theory 
of color vision to the fishes. Their figure 3, if I understand it correctly, seems to say that 
3 kinds of cones, containing respective photopigments, are represented by 1 chromatic 
ganglion cell. In a Hering-like system, one expects evidence for 4 photopigments, with 
“Juminosity”’ elements exhibiting some combination of these or even a fifth photopigment. 

The authors are so apologetic for the tentative character and incompleteness of their 
quantitative work that one wonders why they published so soon. 

Gorpon L. WALLS 
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A CONTACT-LENS 


Apo.teH EvuGeEN Fick 


Zurich, Switzerland 


Translated by Charles H. May, M.D., New York 


Arch. Ophth., 1888, 17: 215-226 


Among the numerous diseases of the cornea, there are many which change its 
normal form, and accordingly vision suffers. Attempts have been made to correct 
the optical error due to keratoconus by hyperbolic and conical glasses; the 
practical improvement obtained is insignificant or nil. In defects of vision due 
to irregular corneal astigmatism, Donders recommended stenopaic glasses. He 
and his pupil, von Wijngarden, demonstrated that the improvement of vision 
was often astonishing, and that the narrowing of the visual field did not occasion 
disturbance in near vision, as, for instance, in reading and writing. For distant 
vision, stenopaic glasses cannot be used, since a patient with a greatly con- 
tracted field and good central vision would be much worse off than one with 
poor vision and a field of normal extent. 

Searching for another means of correcting the different forms of irregular 
corneal astigmatism cannot be regarded as superfluous. The most radical means 
would be to replace the cornea by another surface of regular curvature. This can 
actually be done; I have succeeded in excluding the defective cornea by a small 
glass shell, and thus, without narrowing the field of vision have increased the 
acuteness of vision. However, I could not advise the possesor of this eye to use 
the remedy, which I call “a contact-lens’’, because the fellow eye was normal. 
If I publish my views before any patient is wearing the “‘contact-lens”’ it is 
because I am justified in stating that, as a result of my studies, I have solved the 
principle of the problem. 

The “contact-lens” consists of a thin glass shell, bounded by concentric and 
parallel spherical segments. It is placed upon the eye, and the interspace between 
it and the eyeball is filled with a liquid having the same refractive index as the 
cornea. I began my observations upon animals in order to ascertain whether 
and how long the eyeball would suffer a contact-lens to be placed upon it without 
suffering injury. Large rabbits proved to be admirably adapted for these experi- 
ments. Plaster-of-Paris casts of the eyeball showed that the radius of curvature 
of the cornea did not differ materially from that of the sclera, and that the 
eyeball of the rabbit is pretty nearly a perfect sphere. Then I had small glass 
globes blown, 21, 20 and 19 mm. in diameter, and a segment separated, the base 
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of which was distant but a few millimeters from the equator. It was found that 
well-fitting glasses adhered to the globe. Hence it follows that the glass accom- 
panies the eyeball in all its movements and that not a drop of the liquid escapes. 
It is impossible to distinguish an eye supplied with the glass from the naked eye, 
unless a careful examination be made. After six to eight hours there is quite a 
change in the picture, owing to milky clouding of the liquid. If the glass be 
removed, the epithelium of the cornea appears slightly clouded and the con- 
junctiva shows moderate injection. 

The cause of the clouding of the cornea is found in its epithelium. If a little of 
the clouded epithelium be scraped off and examined after staining, the cells 
show fat-globules in greater or lesser quantity. The injection of the eyeball 
disappears with rapidity after removal of the glass. The injection is apt to be 
absent in those rabbits which have been utilized in a long series of experiments. 
Apparently, a sort of toleration is established. 

That clouding of the liquid is partly due to corneal epithelium in a state of 
fatty degeneration, is evident from what has been stated. The problem was to 
find a liquid which would cause as little irritation as possible to the cornea. This 
could only be discovered by numerous trials. Finally a two-percent solution of 
grape sugar was found to answer all requirements. A well-fitting glass filled with 
sterilized two-percent solution of grape sugar is borne by the rabbit’s eye for 
eight to ten hours without the production of any apparent clouding of the liquid, 
and with no clouding of the cornea or injection of the conjunctiva. I would also 
say that any possible injection of the conjunctiva will disappear within half an 
hour, and any corneal clouding in the course of the night. 

In order to obtain properly fitting contact-lenses for the human eye, I re- 
sorted to taking plaster-casts again—naturally of the eye of the cadaver. The 
cast of a human eye shows plainly that the cornea is the segment of a sphere of 
smaller radius of curvature than the rest of the globe. The next step was to have 
a glass vesicle made which fitted upon the periphery of the plaster cast; then a 
portion of this small globe was heated and a protrusion blown out. A segment was 
separated and the broken edge was made smooth by melting. Such a glass was 
placed in the conjunctival sac of my left eye; I wore it for two hours without any 
other subjective symptom, except some flow of tears. The liquid between the 
cornea and the glass remained clear, and contained, as the microscope showed, 
only a few organized elements. Other persons subjected themselves to experi- 
ment; and as subsequent trials proved still more satisfactory in relation to the 
subjective and objective disturbances than the first had, I concluded to have 
the contact-lens ground. Prof. Abbe, in Jena, was kind enough to fulfil my re- 
quest. The formula in the construction of a contact-lens is the following: A 
glass cornea, having a radius of curvature of 8.0 mm. rests upon the glass sclera; 
the latter has a breadth of 3 mm, and a radius of curvature of 15 mm. The weight 
of the contact-lens is about 0.5 gram. 

Introduction is best accomplished by seizing the small glass between the 
index finger and thumb of the right hand, at the same time lifting the upper lid 
of the patient’s eye with the left, and requesting him to look down; now the glass 
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is pushed beneath the upper lid, and whilst the patient looks up and thus carries 
the contact-lens upward, the lower lid is drawn forward somewhat, and the 
contact-lens adjusted to the eyeball. In order to supply the liquid: While the 
patient lifts the upper lid, the upper portion of the margin of the lens is slightly 
drawn from the eyeball by a squint-hook, and with the unemployed hand the 
sugar solution, warmed, is allowed to drop upon the eyeball from a pipette with 
bent extremity. To remove the lens again, it is only necessary to lift the lower 
margin of the glass with a squint-hook, while the patient is looking up, and then 
to have the patient look down; during the downward movement the lens becomes 
detached and is caught in the patient’s handkerchief. If the lens fits well, the 
patient does not complain, has no flow of tears, and either has no injection of the 
ocular conjunctiva, or very little. If symptoms of irritation show themselves, 
the glass must be removed. The irritation is usually produced by the margin of 
the glass sclera rubbing against the lid during movements of the eyeball. Despite 
clumsy manipulation on the part of the patients, injury to the corneal epithelium 
did not occur in a single case. 

Possibly contact-lenses will be worn for cosmetic reasons. Those eyes which are 
deformed by leucomata can be changed so that they no longer attract attention, 
by the use of a contact-lens upon which the iris and a black pupil is painted. 


Comment: In 1827, following the announcement by Airy of the correction of his own 
astigmatism, the English astronomer, Sir John Herschel, first suggested the possible use 
of a glass shell placed on the cornea to nullify irregular corneal astigmatism. The idea 
proved impracticable until the discovery of local anesthesia by Koller in 1884. Three 
years thereafter, in 1887, the concept was revived simultaneously and independently by 
Fick of Zurich, who introduced the term “contact-lens”; by August Mueller of Kiel, a 
medical student witha myopia of —14 D., who sought a substitute for his strong spectacles; 
and by F. A. Mueller of Wiesbaden, a maker of artificial eyes, who evolved for Prof. E. T. 
Saemisch of Bonn a blown shell with a central transparent cornea to protect an eye with 
lagophthalmos. 

The present public interest in contact lenses dates from 1929, when at the International 
Congress of Ophthalmology Prof. Heine of Kiel reported his experience in substituting 
contact lenses for unsightly spectacles. After methyl metacrylate plastics were invented, 
Theodore Obrig and Ernest Mullen worked out the process of making contact lenses 
from this material in 1938. Within a year the substitution of plastic for glass had gained 
almost universal acceptance. Contact glasses at this time were of the scleral type, and 
consisted of a spherical corneal portion with a diameter of 12 mm. surrounded by a periph- 
eral scleral rim having a diameter of 20 mm. The comfortable fitting of the scleral rim 
was all-important but not always successful. The fluid in this helmet-shaped device had 
to be changed frequently; otherwise Fick’s phenomenon, now better known as Sattler’s 
veil, developed—a mistiness of vision, usually accompanied by seeing colored halos around 
lights. This resulted from corneal edema due to impaired circulation of tears and oxygen 
to the cornea. 

A significant step forward was the advent of the Tuohy corneal lens in 1948. It con- 
sisted of a round plastic disk, the inner surface of which touched the cornea at its center 
while the rim stood out slightly to allow the free passage of tears. The precorneal film 
provided enough capillary attraction to permit the lens to adhere quite strongly. The 
design proved too simple; the lids felt the edge of the corneal lens and blinking often 
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dislodged it completely. Moreover, because of the corneal contact, some epithelial erosion 
was not infrequent. Among the modifications designed to overcome these drawbacks are 
the vented lens (1953), the microlens (1954) and the contour lens (1955). A lenticular 
form of the corneal contact lens has enabled aphakic corrections to be fitted more suc- 
cessfully. The Lacrilens and the similar Invisalens are nonfluid, corneoscleral types, 
vented to provide lacrimal irrigation. 

The improvements in contact lenses have been accompanied by a marked expansion 
in their use and a corresponding increase in professional interest. Contact lenses should 
only be fitted to strongly motivated patients. Adaptive symptoms are trying but usually 
subside in a few days if the lenses are worn 2 or more hours daily. After fitting young 
persons the power of the contact lens should be checked under cycloplegia—a procedure 
too seldom used. The eyes must be checked every 3 to 4 months to rule out corneal trauma. 
Among the ocular contraindications are chronic blepharoconjunctivitis or ocular allergies, 
entropion or trichiasis, marked epiphora or excessive dryness of the eyes, corneal disease 
or neuroparalytic state, marked exophthalmos or local neoplasm. 

The nonoptical uses of contact glasses are important. For concealing a disfiguring 
corneal scar a contact glass with a black pupil is simpler than tattooing and the results 
are more cosmetic and more permanent; likewise, a blind squinting eye can be thus given 
a normal appearance. 


REFERENCES 
1. LeBENSOBN, J. E.: Contact glasses. Hygeia, 15: 717, 1937. 
2. Opric, T. E., anp Satvatori, P. L.: Contact Lenses, Ed. 3. Obrig Laboratories, New 
York, 1957. 
3. AcaTson, H., BarNeERT, A. H., AND FeLpsTeIN, M.: Corneal lenses in ophthalmic prac- 
tice. Am. J. Ophth., 49: 277, 1960. 
4. Weisu, R. C.: Contact lenses for aphakics. Arch. Ophth., 64: 251, 1960. 


BIOGRAPHICAL NOTE 


Adolf Eugen Fick (1853-1937) taught and practiced in Zurich, Switzerland. Shortly 
after the beginning of World War I, however, at the age of 63, he volunteered for duty 
with the German army as medical officer. He commanded military hospitals in France 
and in Russia until taken prison of war in the Crimea. Upon his release he settled in 
Herrshing am Ammersee, a suburb of Munich, and occupied himself with popular writing 
for the lay press. His ophthalmologic contributions include monographs on the micro- 
organisms of the conjunctiva (1887) and on skiascopy (1891). In 1888 he designed an 
applanation tonometer, which was widely used until superseded by the impression tonom- 
eter of Schidtz in 1905. Applanation tonometry has been revived recently by Hans 
Goldmann, also of Switzerland, who combined Fick’s method with slit-lamp observation, 
and has shown that with this technique the findings in the lower levels of elevated ocular 
tension are more reliable than with the Schiétz instrument. His manual of ophthalmology 
(German edition, 1894) was a well illustrated compact book of 488 pages, which empha- 
sized the whys and wherefores. It was translated into English by Arnold B. Hale of 
Chicago, who considered it the most suitable of extant texts for students, in 1896. Fick 
contributed to the second edition of the Graefe-Saemisch Handbuch the articles on 
blindness and on ocular hygiene (1918). 


REFERENCE 
Obituary (unsigned). Klin. Monatsbl. Augenh., 98: 812, 1937. 

















Notice 





INVESTIGATORS AWARDED FIGHT FOR SIGHT CITATION 


The first FIGHT FOR SIGHT Citation awarded by the National Council to 
Combat Blindness, Inc., 41 West 57th Street, New York City, to honor research 
investigators who have made an outstanding contribution in the field of 
ophthalmic research, was presented to Dr. Sjoerd L. Bonting at the annual 
Awards Banquet of the Association for Research in Ophthalmology, Inc. on 
June 27, 1961 at the Hotel Plaza, New York City. 

Dr. Bonting, senior author of the paper “The Rhodopsin Cycle in the Develop- 
ing Vertebrate Retina” accepted the $500 award and scroll on behalf of himself 
and his two associates engaged in research at the National Institutes of Neuro- 
logical Disease and Blindness, Bethesda, Maryland. 

Miss Mildred Weisenfeld, Founder and Executive Director of the National 
Council to Combat Blindness, Inc., in making the presentation stated: ‘The 
National Council to Combat Blindness, Inc., in cooperation with the Association 
for Research in Ophthalmology, Inc. has judged the paper entitled ‘The Rhodop- 
sin Cycle In The Developing Vertebrate Retina’ by Dr. Sjoerd L. Bonting, Dr. 
Peter Gouras and Mr. Leo L. Caravaggio to be the most significant submitted to 
the sectional meetings of the Association during the year 1960-1961 and has there- 
fore selected this paper to be the recipient of the FIGHT FOR SIGHT Citation.” 

Miss Weisenfeld informed the gathering that two FIGHT FOR SIGHT 
Citations will be presented annually, each in the amount of $500. One will be 
awarded to the paper judged to be the most significant of those presented at the 
Midwinter and June meetings of the Association for Research in Ophthalmology, 
Inc., and the other to the most significant of the papers submitted to all of the 
Sectional Meetings in a given year. 


* * * * * 


CHANGING OF THE GUARD 


The December issue of the SuRvEY oF OPHTHALMOLOGY will end my tenure 
as Editor-in-chief. This has been an instructive and time-consuming task made 
lighter by the many untiring, wonderful and faithful contributing Section Edi- 
tors, meticulous Review Writers and others whose main purpose has been always 
to inform and stimulate the reader. 

It is not an easy task to separate from such an important post but the demands 
of other assignments made such a decision necessary. 

The severance is lightened considerably by the knowledge that I shall be able 
to pass the responsibility to the capable hands of Dr. James Allen, the Professor 
and Chairman of the Department of Ophthalmology of Tulane School of Medi- 
cine. Dr. Allen will bring years of experience in all phases of ophthalmology to 
this Editorship. There is no doubt that he is endowed with many special and 
essential talents for this task and that the Survey will flourish under his guidance. 
Irvine L. LEoProLp 
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INTRODUCTION TO THE SYMPOSIUM 


As a member of the Council for Research in Glaucoma and Allied Diseases, 
[ would like to welcome you to this symposium on toxoplasmosis. This is the 
second symposium on uveitis which has been sponsored by the Sloan Foundation. 
Some of you were here at the first one, I believe, in May 1958, but a number of 
you were not and, for the benefit of those who do not know much about the 
Sloan Foundation, I think that a few words on my part might prove of some 
interest. 

This Foundation was incorporated in 1934, for the support of general educa- 
tion and the support of scientific and medical research. Mr. Alfred Sloan, Jr., 
then Chairman of the Board of General Motors, had a strong feeling that industry 
should contribute considerably to the furtherance of education and research in 
this country. The first funds were appropriated in 1936, and they consisted of 
$10,000,000 in stock. Today, that capital has grown to over $200,000,000, and 
the annual income used for the purposes of scientific research is about $7,000,000. 

The Foundation gives $1,000,000 each year for research in the natural sciences, 
$600,000 now for cancer research, mostly in the New York area, and also provides 
$100,000 yearly to young men and women in medicine, either at the predoctoral 
or postdoctoral level. In addition, it makes grants to the aid of ophthalmological 
research to the extent of about $130,000 annually. 

The Council for Research in Glaucoma and Allied Diseases was set up in 1953, 
largely due to the foresight and energy of Dr. Conrad Berens of New York. He 
and Mr. Raymond Sloan, a brother of Alfred P. Sloan, felt that a much more 
vigorous assault should be made on the disease, glaucoma, which is one of the 


leading causes of blindness in this country. Since certain cases of glaucoma are 


allied with uveitis, that particular disease was marked for special attention. Dr. 
Berens’ talents at organization were brought into play, and this Council was 
formed, consisting of certain heads of departments of ophthalmology through- 
out the country. The function of the Council is to review the applications fo1 
support that are made to it, or to the Sloan Foundation, and advise the Founda- 
tion how their money should be spent. The members of the Council, of course, 
serve without remuneration. 

In regard to uveitis, although no accurate statistics are really available, it has 
been estimated that this disease accounts for some 20 per cent of the blindness 
of the world. Its causes are said to be many, most of them presumptive in nature, 
some of them known, but the impression has been growing in the last few years 
that toxoplasmosis is one of the definite and leading causes. The elimination of 
this one etiological factor would do a great deal to cut down the incidence of 
uveitis. To accomplish this, of course, the cooperation of many scientists in many 
different disciplines is necessary, and that is why the Sloan Foundation, with the 
advice of its Council for Research in Glaucoma and Allied Diseases, has seen 
fit to sponsor this symposium. 

Dr. Maumenee has arranged an attractive program, and I am sure at the con- 
clusion of it, all of us will know much more about toxoplasmosis than we did 
beforehand. Let us hope that this leads to a greater understanding of the problem, 
and, possibly, will move us a little nearer to our goal of the eradication of one of 
the leading causes of blindness in this country. 

Dr. Epwin Dunpuy 
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Although the clinician may ignore, without much harm, the taxonomy o 
parasites which have been studied in great detail, since such matters as lif 
history and treatment will already be clearly established, he cannot afford to d 
so with other organisms, like Toxoplasma, whose classification is obscure. h 
these cases, a knowledge of possible relationships may provide the necessary 
guide-posts to more effective prevention and treatment. Clearly, microorganism 
with affinities to fungi are likely to present different medical problems from thos: 
related to protozoans, and parasites with complicated life cycles will presen 
different control problems from those with simple cycles. Unfortunately, it i: 
not yet possible to classify Toxoplasma definitely, but a re-evaluation of it 
position in the light of recent investigations seems worth while at this time. 

There are obvious difficulties involved in trying to classify Toxoplasma gondii 
It is small, about 2 by 7 u, and conventional dyes like hematoxylin or Romanow 
sky mixtures reveal a commonplace nucleus set in a relatively featureless cyto 
plasm. Granules that stain with iron hematoxylin,' and masses which are positive 
by the periodic acid-Schiff (PAS) method? occur in the cytoplasm but thes 
structures contribute little of value taxonomically. No flagella can be detected 
Although the crescent or spindle shape of Toxoplasma resembles that of sporo 
zoites and merozoites of some coccidia and haemosporidiae, there are too many 
differences between the groups to fit Toxoplasma readily into these establishe: 
categories. 

In the absence, until recently, of a clarifying morphology, investigators hav: 
turned to physiological characteristics for help in classifying Toxoplasma. They 
have been faced with the fact that the single species, 7’. gondii, seems capable o 
infecting a seemingly unlimited range of mammals in many different orders, a 
well as birds and reptiles.*:* Transmission is readily effected by inoculatio: 
without recourse to a biological vector and, less readily, by feeding. No sexua 
cycle has been demonstrated in the species. Reports in the older literature of th 
occurrence of schizogony have not been confirmed, and it is generally agree 
that this form of reproduction does not occur in Toxoplasma. 

Among the more recent authors who have considered this problem, Van Thie 
thought that Toxoplasma should be classified as a sporozoan; Westphal*® publishe 
an extensive justification for including Toxoplasma among the Trypanosomida: 
Manwell and Drobeck‘ referred to the well known similarity between Tox 
plasma and Sarcocystis, and suggested that neither was a protozoan, basing the 
opinion on the work of Spindler and Zimmerman’ with Sarcocystis. Bioce: 
also related Toxoplasma to Sarcocystis and thought that both belonged in a ne‘ 
class of protozoans, different from the four classic groups of amoeba, flagellate 
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Fic. 1. Electron micrographs of Toxoplasma gondii sections. Note vesicular nucleus (NV) 
with large dense mass in parasite at upper left; parasite on the right contains large U- 
shaped nucleus; Conoid (Co) is clearly shown in cell at upper left. A dense membrane 
(D.M.) covers the anterior end of two parasites (Gustafson et al., Am. J. Trop. Med. & 
Hyg., 3: 1008-1021, 1954). 

Fic. 2. Electron micrograph of Toxoplasma gondii section. Note toxonemes (7') with one 
end in the region of the conoid (Co), and dense membrane (D.M.) covering anterior end of 
the organism (Ludvik, Acta Soc. Zool. Bohemoslov., 22: 130-136, 1958). 


ciliates and sporozoans. Extensive bibliographies to the older literature on this 
problem can be found in these papers. 

A report by Gustafson, Agar, and Cramer® in 1954 on the appearance of the 
parasites under the electron microscope reintroduced with great vigor the tool 
of morphology as a basis for taxonomy in this group of parasites. In 1958 a 
paper by Goldman, Carver, and Sulzer'® on the morphology of Toxoplasma 
in smears stained with silver protein extended the observations of Gustafson 
et al. Furthermore, we demonstrated that instead of dividing by binary fission, 
Toxoplasma divided by a previously undescribed process which we named 
endodyogeny.* The effect of these two reports was to introduce new, clear-cut 
criteria by which to judge the relationships of Toxoplasma and Toxoplasma-like 
organisms. 

Figure 1, from Gustafson et al.,° shows some important morphological features 
of Toxoplasma. The cell at the upper left has a distinct “conoid” (Co) at the 
anterior end. The nucleus consists of a large vesicle with a prominent, dense 
mass (N). The cell at the right possesses a peculiar U-shaped nucleus whose 
significance will become apparent later. In both of these parasites, the anterior 
end seems capped with a dense membrane which was not remarked upon by the 
authors but which may represent the ultramicroscopic appearance of an anterior 
cone to be demonstrated later in the protargol-stained organisms. 

Figure 2 from Ludvik" (1958), shows clearly the conoid, and also the club- 
like “toxonemes” described first by Gustafson. 


* From three Greek roots meaning “‘internal formation of two.’’ 
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Fic. 3. Schematic representation of Toxoplasma morphology seen with electron micro 
scope. C, conoid; ER, endoplasmic reticulum; G, Golgi apparatus; M, mitochondria; \, 
nucleus; O, osmiophilic granules; P, pole ring; FR, radial ribs; 7’, toxonemes (Ludvik, Acta 
Soc. Zool. Bohemoslov., 22: 130-136, 1958). 


A diagram summarizing morphological features of Toxoplasma observable 
with the electron microscope has been prepared by Ludvik (Fig. 3). 

The general morphology of a protargol-stained Toxoplasma in the nondividing 
condition is shown in Figure 4 from Goldman et al.'* The anterior end stains 
heavily as if it were capped by a truncated cone. Surface fibrils, also visible in 
electron photos, can be seen extending posteriorly from the anterior cone. Th« 
nucleus appears somewhat as in the electron image. At the posterior end a dark 
staining cluster of granules may be found regularly. 

In spite of the wealth of morphological features demonstrated by protargo! 
not all of which have been demonstrated here, by far the most fascinating struc 
tures are those associated with the division of the parasite. The earliest divisio! 
stage (Fig. 5) is heralded by the appearance of a pair of buds on the anterio 
surface of the parent nucleus. When these structures become somewhat bigg« 
(Fig. 6), they are recognizable as miniature anterior cones, each perforate: 
centrally as is the parent cone (Fig. 7). Subsequently, each daughter structu 
develops into a reduced replicate of the parent cell, complete with nucleus (Fig: 
8 and 9). A guess as to the significance of the U-shaped nuclei in Gustafson’ 
material may be made here. They probably represent a stage in the donation « 
nuclear material from the parent to the daughter cells. 





Fic. 4. Toxoplasma gondii in smear stained with silver protein. Note argyrophilic an- 
terior cone (A.C.), fibrils (F), vesicular nucleus (N) with large dense mass, and posterior 
granules (P.G.) (Figs. 4-12, 14 are from Goldman et al., J. Parasitol., 44: 161-171, 1958). 

Figs. 5, 6, AND 7. Early division stages of Toxoplasma gondii on smears stained with 
silver protein. Parent nucleus still single mass, but young daughter cells (D.C.) visible by 
virtue of their argyrophilic anterior cones. 

Fic. 7. Dark-field appearance of silver-stained division stage 

Fics. 8 aNp 9. Intermediate division stages. Daughter cells each have nuclear material 
of their own; daughter anterior cones are well developed. In Figure 8, parent anterior cone 
has a plate-like appearance. 

Fic. 10. Late division stage. Daughter cells are large, extending to the anterior tip of 
the parent cell, which is still intact. 


Fic. 11. Late division stage. Parent cell has disappeared anteriorly but posterior portion 
containing nucleus is still present. Note connecting material between the three nuclear 


masses. 


Fig. 12. Late division stage. Parent cell has disappeared. Daughter cells are still united 
at posterior end. 
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Fic. 13 a anv b. Electron micrographs of Tozoplasma gondii. Cross-section through 
dividing parent cell (P.C.) showing two daughter cells (D.C.), each with its own limiting 
membrane (Ludvik, Acta Soc. Zool. Bohemoslov., 22: 130-136, 1958). 


The daughter cells continue to grow anteriorly until they fill the original cell 
(Fig. 10), at which time they break out with the destruction of the parent (Figs. 
11 and 12). Thus one cell always yields two new cells but not by binary fission, 
as had been thought to be the case. Partial confirmation of these observations 
has been made by Ludvik with electron microscopy (Fig. 13a, b). In each of these 
two photos, the parent cell is seen to contain two intact cells, each with its own 
cell membrane. Confirmation of the division process as seen by protargol stain- 
ing has also come from Dr. T. B. Clark of Iowa State University (personal com- 
munication). A diagrammatic representation of the division process is shown 
in Figure 14. 

In addition to occurring as individuals or as groups of parasites, Toxoplasm: 
is also found in a cyst stage (Fig. 15). Cysts range in size up to about 70 uw anc 
may contain thousands of individuals which appear similar to the proliferativ: 
parasites. The cyst wall is a relatively tough, resilient membrane, apparently o 
parasite origin.'* Support for this concept of the origin of the cyst wall comes fron 
the fact that the wall may be stained specifically with anti-Toxoplasma serun 
labeled with fluorescein (Fig. 16).'* Inoculation of cyst parasites into a susceptibl 
host like the mouse results in a typical acute infection with proliferative forms 

I believe we can now summarize some of the morphological features of Toxo 
plasma which I consider significant in establishing its relationship to other micr« 
organisms. Toxoplasma occurs as a crescent-shaped proliferative form possessin 
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distinctive organelles demonstrable by electron-microscopy and protargol stain- 
ing. Reproduction in this stage occurs in a totally different manner from binary 
fission. The parasite occurs also as a cyst in which a relatively tough and elastic 
membrane encloses large numbers of proliferative-type stages. 


| 





14 








Fic. 15. Toxoplasma gondii cyst in section of mouse brain. Note numerous parasites 
{P) and distinct cyst wall (C.W.). Celestin blue B and phloxine; cyst size 54 by 36 u. 

Fic. 16. Toxoplasma gondii cyst in section of mouse brain stained with specific fluorescent 
antibody. Cyst wall (C.W.) is brightly fluorescent, as are the enclosed parasites (P) (Carver 
and Goldman, Am. J. Clin. Path., 32: 159-164, 1959). 
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On the basis of these characteristics we can reconsider certain organisms which 
have in the past been thought to be related to Toxoplasma. The first of these is 
Sarcocystis. This cyst-forming parasite has been studied with the electron micro- 
scope and with histochemical procedures by Ludvik.'®: '* Thin sections of indi- 
vidual cells from the cyst stage of Sarcocystis miescheriana show a conoid and 
double-walled anterior membrane (lig. 17), both of which resemble structures 
seen in Toxoplasma. In protargol stains of S. tenella (Fig. 18), one sees the strong 
reaction at the anterior end, the characteristic nucleus, and the posterior granules 
found in Toxoplasma. 

Another cyst-forming, Toxoplasma-like parasite, Besnottia jellisoni, has been 
studied by protargol staining. Goldman, Carver and Sulzer’ have shown that 
the proliferative form is almost indistinguishable from Toxoplasma. The same 
dark-staining anterior cone and the same method of reproduction were found in 
both organisms (Fig. 19). 

Among the Trypanosomidae, cyst-like accumulations of parasites are found, 
e.g., in Trypanosoma cruzt. In view of Westphal’s classification of Toxoplasma 
with the Trypanosomidae, it is of interest to examine the literature on electron 
microscopy of the latter group."° As yet, none of the organelles characteristic 
of toxoplasmas have been described from Leishmania or flagellated forms of 
trypanosomes. On the other hand, structures characteristic of hemoflagellates, 
such as kinetoplasts and flagellar apparatus, are prominent and show distinctive 
morphological features. It thus appears unlikely that Toxoplasma has any im- 
mediate affinities with this group. 

Recently, Garnham, Bird and Baker” described the ultrastructure of Plasmo- 
dium gallinaceum sporozoites. Figure 20 shows some of the features observed 
in what is presumably the anterior end of the organism. The outer membrane 
is two-layered and possesses longitudinal striations (the latter not shown in this 
photo). The membrane appears more dense at the tip of the parasite, but this 
may be artifact since it does not appear thus in the other photos published. A 
pair of organelles, reminiscent of toxonemes, extends posteriorly. A diagrammatic 
summary of the ultrastructure is shown next (Fig. 21). Garnham discussed the 
possible relationship of these structures to those seen in Toxoplasma but made 
no commitments as to their homology. 

The electron microscopic appearance of exoerythrocytic stages of P. gallina 
ceum has been studied by Meyer and Oliveira-Musacchio.” A polar, ring-lik« 
structure was observed in the merozoites, but there was not much resemblance: 
to Toxoplasma otherwise. 

It seems to me that there are at least as many significant morphological differ 
ences between Toxoplasma and P. gallinaceum as there are similarities, but unti 
more malaria species are studied with electron microscopy and with protargo 
it would be unwise to close the door on a possible relationship of Toxoplasma t: 
the Haemosporidia. At first glance the difference in life cycle between these tw: 
forms seems an insuperable obstacle to their relationship, but it must be remem 
bered that the cycle of Toxoplasma, as well as of Sarcocystis and Besnoitia, i 
only imperfectly known. An important gap in our knowledge is the way by whic! 
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Fig. 17. Electron micrograph of Sarcocystis miescheriana section. Note conoid (Co) and 
two-layered pellicle (P) (Ludvik, J. Protozool., 7: 128-135, 1960). 

Fig. 18. Sarcocystis tenella in smear stained with silver protein. Note dark-staining 
anterior end (Ant.), posterior granule (P.G.) and nucleus (N). A constant structure which 
is not seen in Toxoplasma is the granule (G@) found in the anterior third of each cell (Ludvik, 
Zent. f. Bakt. I. Abt. Orig., 172: 330-350, 1958). 

Fic. 19. Early division stage of Besnoitia jellisoni in smear stained with silver protein. 
Note the anterior cone (A.C.), daughter cells (D.C.) and single nucleus (NV). Compare with 
Toxoplasma gondii in Figure 6 (Goldman et al., J. Parasitol., 43: 490-491, 1957). 

Fic. 20. Electron micrograph of Plasmodium gallinaceum sporozoite. One sees a paired 
organelle (P.O.), mitochondria (M), and a double surface membrane (the outer layer of 
which is labeled OCM) (Garnham et al., Tr. Roy Soc. Trop. Med. Hyg., 54: 274-278, 1960). 
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Diagram of longitudinal and trans- 
verse sections of a sporozoite of H. gallinacea. 


C = apical cup ; 

F -- peripheral fibril ; 

OCM =: outer surface membrane. 
M_ = mitochondrion ; 

PO = paired organelle ; 

N = nucleus. 
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Fic. 21. Schematic representation of Plasmodium gallinaceum sporozoite morphology 


seen with electron microscope (Garnham ef al., Tr. Roy. Soc. Trop. Med. & Hyg., 54: 274- 
278, 1960). 


Fic. 22a (Left). Portion of Besnoitia jellisoni cyst in section of mouse intestine. Note 
thick cyst wall (C.W.), cyst wall cytoplasm (C.W.C.), large cyst wall nucleus (C.W.N.) 


with prominent nucleolus, and masses of parasites (P) within the cyst. Periodic acid-Schiff- 
hematoxylin, nuclear size 28 by 8 uz. 


Fia. 22b (Right). Besnoitia jellisoni cyst from hamster. Note distinct cyst wall (C.W.), 
cyst wall cytoplasm (C.W.C.), large cyst wall nuclei (C.W.N.), and masses of parasites 


(P) within the cyst. Periodic acid-Schiff-hematoxylin, cyst size 108 by 117 uw. (From a slide 
provided by Dr. J. K. Frenkel) 
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the thin-walled, sporozoite-like proliferative stage of Toxoplasma becomes trans- 
formed into a relatively thick-walled cyst containing large numbers of parasites. 
In the case of Besnoitia and at least some species of Sarcocystis, cells that are 
distinctly different from the crescent-shaped parasites are known to occur in the 
cyst walls (Figs. 22, 23). This type of transformation, from a sporozoite-like 
parasite to an oocyst-like structure suggests the possibility of a sexual stage as 
the connecting link. Should such a hypothetical stage ever be discovered, the 
relationship between Toxoplasma and the Sporozoa would become much closer 
than now appears. 

Among other unclassified parasites with possible affinities to Toxoplasma, 
electron microscopy results are available to my knowledge only for Pneumocystis 
carinit. According to Wessel and Ricken,” reproduction in this species occurs 
by internal budding from the inner wall of the mother cyst with production of 
four daughter cysts (Fig. 24). However, there is nothing in the demonstrated 
morphology that resembles Toxoplasma. 

Other possible relatives of Toxoplasma include Globidium, a parasite of the 
intestinal mucosa of hoofed animals,?*-?/ Frenkel’s*® M-organism, which has been 
found in the brain of field mice of the genus Microtus, and Encephalitozoon, a 
non-cyst-forming parasite found in the brain and kidneys of mice and rabbits.” 
Although the latter organism resembles Toxoplasma in being small and in occur- 
ring in laboratory rodents, its morphology and staining qualities seem to set it 
outside the Toxoplasma group. 

Both Globidium and M-organism produce cysts of greater size and complexity 
than Toxoplasma. In the case of Globidium, infected tissues show what appear 
to be different stages in the differentiation of an amorphous cyst mass into 
enormous numbers of nucleated, Toxoplasma-like organisms (Fig. 25). Large, 
cyst-wall nuclei may be found (Fig. 26). In M-organism, the lobulated and sep- 
tate cyst (Fig. 27) contains many parasites similar in structure to Toxoplasma. 
Information about both forms is meager and it has been suggested that the ‘‘Glo- 
bidium”’ cyst represents the schizogonous stage of Eimeria bovis® (H. Marsh, 
personal communication) or other coccidia. However, since evidence for this 
latter opinion is inconclusive, Globidium as well as M-organism may, tentatively, 
be considered as more complicated members of the same group which includes 
Toxoplasma. 

Before summarizing my opinions concerning the classification of Toxoplasma 
I think we must consider the suggestion that it belongs with the fungi rather than 
with the Protozoa. 

Toxoplasma as fungus would have to be either a yeast- or spore-phase organ- 
ism. Objections to its being a yeast phase are the facts that toxoplasmas have 
delicate, PAS-negative cell membranes rather than chitinous, rigid, PAS-positive 
cell-walls; they have distinct nuclei with definite nuclear membranes; and they 
do not reproduce by forming external buds. Objections to Toxoplasma as a 
spore-phase fungus are the absence of anything resembling mycelia, again the 
PAS-negative cell membrane, and the different type of motility with absence of 
flagella. Furthermore, Toxoplasma does not grow in cell-free synthetic media. 
Although no one of these differences is completely diagnostic, and although a 
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Fic. 23. Sarcocystis bovis cyst in section of cardiac muscle from cow. Note prominent 
cyst wall (C.W.), round, lightly stained cyst wall cells (C.W.C.), and dark-staining, cres- 
cent-shaped sarcospores (S) with the cyst. Hematoxylin and eosin, cyst size 99 by 47 u. 

Fic. 24. Electron micrograph of Pneumocystis carinii in rat lung. Note double-walled 
cyst-membrane (CM) enclosing four cyst-bodies (C.K.) (Wessel and Ricken, Virchow’s 
Arch. path. Anat., 331: 545-557, 1958). 

Fic. 25. Portion of Globidium gilruthi cyst in section of sheep intestine. Note numerous 
parasites (P) in rosette formation in cyst. Other cells shown are from the submucosal tissue 
of the host. Hematoxylin and eosin, entire cyst 216 uw in diameter (Figs. 25 and 26 are from 
a slide provided by Dr. H. Marsh). 

Fic. 26. Globidium gilruthi cyst in section of sheep intestine. Note definite cyst wall 
(C.W.), differentiating cyst mass (C.M.), and large cyst wall nucleus (C.W.N.). Hema- 
toxylin and eosin, nuclear size 22 by 8 u. 
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Fic. 27. M-organism cyst in fresh preparation of brain from field mouse, Microtus 
modestus. Note lobulated structure. X 30 (Frenkel, Ann. New York Acad. Sc., 64: 215-251, 
1956). 


list of differences may be drawn up between Toxoplasma and other protozoans, 
the evidence is against Toxoplasma as fungus. 

Inasmuch as there have been no recent evaluations of the classification of 
Toxoplasma by protozoologists specializing in taxonomy, the following opinions 
are the results of my own “far-from-exhaustive” consideration of the literature. 
They are based primarily on morphological criteria. 

1. Toxoplasma cannot be grouped with the flagellates. 

2. Toxoplasma appears to be a relatively simple member of a larger group 
which includes Besnoitia, M-organism, Sarcocystis and Globidium. 

3. The Toxoplasma group should be placed in the class Sporozoa since sufficient 
morphological resemblances exist to warrant such inclusion at the present time, 
and since there is not sufficient knowledge concerning the life cycle of members 
of this group to deny them a position among the Sporozoa. I believe that as more 
information is gathered as a result of electron microscopy and protargol staining, 
Toxoplasma and its relatives may emerge as either a new class or as a separate 
order in the Sporozoa. 


Acknowledgement: It is a pleasure to thank the authors and journals for their 
kind permission to reproduce the illustrations. Thanks are especially due those 
authors who made available original photographs or slides. 
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Frenkel: In Figure 4, how do you know the fibrils seen in the protargol-stained 
toxoplasmas are on the surface? 

Goldman: They seem to follow the curvature of the organisms. I could not 
be sure, of course, that they are on the surface, without examining sections but 
they give that impression. When you examine these silver-stained organisms 
with dark field, you get a good bit of surface structure, some of which is artifact, 
I know, but other of which, I think, represents a true deposition of stain. 

I would like to call your attention to the fact that the anterior cone does not 
extend to the tip of the organism. The actual tip of the organism is the pointed 
end. 

Eyles: Are those extracellular organisms seen in Figure 4? 

Goldman: Yes, these smears are prepared in such a way that we obtain a 
number of extracellular organisms deliberately, so that they will be clear and 
easy to examine. When they are intracellular, they are a jumble of masses. You 
realize that the anterior cone, the nuclear masses and the posterior granule all 
stain darkly, and they are three-dimensionally laid down on each other, so to 
speak. It is hard to distinguish one from the other. 

When these structures have grown and increased in size, they appear as seen 
in Figure 8. 

Beverley: Is that a frozen section shown in Figure 16? 

Goldman: No, it was paraffin-imbedded. It was fixed in acetic-alcohol and 
paraffin-imbedded. 

Eyles: Why is the cyst so beaten up? 

Goldman: In cutting the section, apparently, there was a mechanical tearing. 
We have cysts that are quite complete. 

Lainson: I was most interested in Dr. Goldman’s excellent account of the 
minute structures of Toxoplasma. Some time ago I was fortunate enough to ob- 
tain a large amount of material containing the protozoan until recently known as 
Atoxoplasma, and which we have now shown to be a species of the haemogre- 
garine Lankesterella.* The parasite undergoes its schizogony cycle principally 
in the spleen and liver of its avian hosts and such material provided the means 
of electron microscope studies. 

We found a remarkable resemblance between the asexual stages (merozoites 
or trophozoites) and Toxoplasma.f (Figs. 28-33). Figures 29 through 33 are 
electron micrographs of trophozoites of Lankesterella garnhami in the same spleen 
as for Figure 28. Tissue was fixed in 1 per cent osmium tetroxide solution, em- 


* Lainson: J. Protozool., 6 (No. 4): 360-371, 1959; 7 (No. 4) : 321-322, 1960. 
t Lainson et al.: Tr. Rov. Soc. Trop. Med. & Hyg., 55 (No. 1): 9, 1961. 
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bedded in epoxide-resin (Araldite), and cut at 60 to 150 my. These figures 
may be compared with the electron micrographs of Toxoplasma on pages 701 
and 704. Like Toxoplasma, the asexual forms of Lankesterella garnhami possess a 
conspicuous conoid, apical ring, toxonemes, pellicular striations and Golgi 
apparatus. One additional item has been noted: this is an anterior, paired struc- 
ture we have called the “‘paired organelle,”’ and which may represent a modified 
toxoneme. 

In view of these similarities, it is tempting to suggest that Toxoplasma may 
have affinities with the haemogregarines, or at least the Coccidiomorpha. 

The apparent absence of schizogonic and sporogonic cycles for Toxoplasma, 
however, seems to preclude this possibility unless we assume that such features 
have been lost somewhere in the evolution of this parasite. 

Another aspect must also be considered. Protozoan parasites which actively 
penetrate the host cells are likely to possess similar organelles associated with 
such penetration. We already have the results of electron microscope studies of 
Toxoplasma, Sarcocystis, sporozoites of malarial parasites and, here, a haemo- 
gregarine. All show the presence of rather similar structures at the anterior pole 

Until we have a much more comprehensive selection of such studies, over a 
wide range of parasites, it is perhaps rather premature to attach anything but 
the broadest significance to the similarities of these ultrastructures in relation 
to taxonomy. 


Fia. 28. Lankesterella (Atoroplasma) garnhami. Smear of spleen from a fledgling sparro\ 
(Passer domesticus domesticus), wet-fixed in Bouin’s fluid and stained with Giemsa’s stain 
Schizogony results in almost all the monocytes being invaded by one or more trophozoites 
xX 900 
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Fig. 29. Longitudinal section of a trophozoite within a monocyte showing conoid por- 
tions of toxonemes, pellicular striations, and oval mitochondria (C, conoid; HN, host cell 
nucleus). X 22,000 


A more detailed account of these studies is in preparation. 

Goldman: I am very glad I did not stick my neck out any more than I did 
in the paper, when I said that the Toxoplasma should presently remain among 
the Sporozoa. There is very considerable evidence of the relationship, but the 
simple fact that these microorganisms have to burrow into a cell would not 
necessarily result in their having similar morphological features. 

If they have such rather characteristic organelles, then they probably should 
be related taxonomically. I feel, therefore, with more work on more of these 
coccidia or malaria-type parasites, that a whole spectrum of structures might 
show up and relate Toxoplasma and its group with the other Sporozoa in a very 
clear-cut manner. 

Halbert: The question of penetration of the cell by the parasite is of some im- 
portance, and I wonder if any electron microscope pictures have been taken of 
cells which were freshly infected or freshly exposed to the Toxoplasma organism? 
I would like to remind you of the vast amount of information that is available 
with regard to bacteriophage infection of bacterial cells. 

You will probably all recall that most bacterial viruses have tails. They are 
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Fic. 30. Longitudinal section of a trophozoite within a monocyte showing conoid por- 
tions of toxonemes, pellicular striations, and oval mitochondria (C, conoid; 7’, toxonemes 
N, nucleus; M, mitochondria). X 38,000 

Fig. 31. Longitudinal section of a trophozoite within a monocyte showing conoid por 
tions of toxonemes, pellicular striations, and oval mitochondria (C, conoid; 7, toxonemes 
P, pellicular striations). X 90,000 

Fic. 32. Longitudinal sections of other trophozoites. x 30,000 

Fic. 33. Longitudinal sections of other trophozoites. In addition to the structures seen 
in Figures 29 through 31, Figure 33 shows the presence of a body we have elsewhere termed 
a “‘paired organelle.’’ This may be a modified toxoneme. (PO, paired organelle). 44,000 
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little tadpole-shaped structures, and the fascinating thing is that when these 
bacterial viruses infect the bacterial cell, they always attach themselves by the 
tail. Moreover, there is now a large amount of evidence that there are enzymes 
at the base of the tail which cause some digestive change, presumably in the 
cell wall, following which, in the case of bacterial virus, the desoxyribonucleic 
acid (DNA) penetrates. 

In view of the pictures of the Toxoplasma that were demonstrated, showing 
the crescent at the top, I wonder if one might not find that this may have some- 
thing to do with the point of attachment of the parasite to the cell. Perhaps, 
studies of this sort have been done. 

Beverley: On culturing toxoplasmas in caseinate induced mouse peritoneal 
exudates which are rich in monocytes, one can actually see toxoplasmas attaching 
themselves to the cell membranes by their pointed end and rotating around on 
the point of attachment with a boring-like motion, suggesting that they are try- 
ing to gain entry into the cells. We have not managed to keep the preparations 
going for long enough to see them actually enter the cells. 

Lainson: Has not Professor Pulvertaft actually demonstrated that in a film 
—the entry of toxoplasmas into cells? 

Beverley: Not in a continuous sequence. Different shots put together give a 
comprehensive picture of it, but it is not in a continuous sequence. 

Stim: I have just seen a film in Gothenborg, Sweden, by Drs. Lund, Lycke, 
and Sourander. This cinematographical study shows exactly how the Toxoplasma 
moves, how it penetrates the cell, and how the intracytoplasmic multiplication 
takes place. It is a beautiful piece of work. 

Kaufman: This attachment of organisms to cell does not happen very quickly 
in the case of Toxoplasma as compared with phage. Phage, as I understand it, 
attach quickly and then digest through the cell wall, but if one puts Toxoplasma 
in tissue cultures and rotates the cultures, although many organisms come in 
contact with the cells, the infection rate of cells is very low. However, if one lets 
the organisms settle with the tissue culture tubes in standing racks the infection 
rate of the cells is very high. This suggests that contact between the organism 
and the cell may not be enough for the parasite to invade, and that the organism 
may need to remain in contact with the cell for some time (Table 1).* 

Pinkerton: Dr. Siim, does it enter the ergastoplasmic sacs when it wriggles its 
way into the cell, or does it move through the endoplastic reticulum? In other 
words, does it travel along the channels which have been shown by electron mi- 
croscopy to go to the Golgi apparatus and then to the nucleus? 

Sitm: The only thing I observed is that they were almost always situated near 
the nucleus. However, I did not see which path they took. 

Pinkerton: The point I am raising is whether they may enter the cells at partic- 
ular points which overlie these intracellular channels, and then reach and per- 
haps multiply in the Golgi apparatus. 

Stim: I do not know that. 


*H. E. Kaufman, M. Melton, J. S. Remington, and L. Jacobs: Strain differences of 
Toxoplasma gondii. J. Parasitol., 45: 189-190, 1959. 
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TABLE 1 


Comparison of the number of parasitized cells and of parasites per cell in rolling and standing 
monkey kidney tissues incubated for 24% hours with RH Toxoplasma 








Standing Cultures Rolling Cultures 


Cells infected 


% 


10 ' 11.5 
9.0 
6.0 
10.2 


No. of toxoplasmas/cell Cells infected No. of toxoplasmas/cell 


Average 12.25 a : 9.2 
TABLE 2 
Relationship between multiplication of toxroplasmas and temperature 


Toxoplasmas in Each Invaded Cell of Monkey Kidney 


Temperature issue Culture after 24 Hours of Incubation 


Lainson: Dr. Goldman, may I ask you a question? You mentioned reptiles 
as hosts for Toxoplasma. I am afraid I am completely out of touch with the 
literature on this point; could you elaborate please? 

Goldman: That is mentioned in the literature as an experimental finding. | 
think, in fact, Dr. Frenkel may have inoculated some lizards or snakes and 
recovered organisms. 

Frenkel: I injected RH strain organisms intraperitoneally into Sceloporus 
occidentalis, a small lizard indigenous to California, and recovered it 13 days 
later; tissues were also passed to another lizard and again recovered in mice 
after 1 month. I also put it intramuscularly into one box turtle, Terrapene caro- 
lina, indigenous to Kansas, and reisolated Toxoplasma from the blood stream. 
One drills a small hole through the sternum and withdraws blood from the heart, 
and after 4, 8, and 14 days we reisolated it. The room temperature was around 
75°F. Toxoplasma was not isolated after 21, 35, and 358 days. 

Feldman: Was there multiplication? 

Frenkel: I just said I reisolated it. 

Feldman: But I am raising the question of whether you thought there was 
multiplication? 

Frenkel: 1 think this is a fairly reasonable assumption, but unproven, and I 
have no strong views on the matter. 

Kaufman: Tissue culture work gives some support to this, and may help 
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explain some of the discrepancies found in poikilothermic animals. If one inocu- 
lates RH Toxoplasma into tissue culture at 37°C., the organisms multiply very 
rapidly and the culture is rapidly destroyed. But if these organisms in tissue 
culture are kept at lower temperatures, there is very little multiplication (Table 
2). It may be that the discrepancies observed in attempts to infect poikilother- 
mic animals depend on the locale of the experiments; whether they were done, 
for example, in cold New England, or in the tropics. 

This might explain in part the epidemiological findings of a high prevalence 
of Toxoplasma infection in the tropics as opposed to the colder climates, if poi- 
kilothermic animals are epidemiologically significant as Dr. Frenkel’s work 
suggests. 

Frenkel: I did not claim and did not mean to suggest that they played a part 
in transmission. It was a purely speculative sort of thing. I had these animals 
in the laboratory and I injected some Toxoplasma. Secondly, I would not like 
to say that a turtle or a lizard is just a mammal kept, as it were, in the cold 
box. There are totally different substrates available, I assume, and totally dif- 
ferent immunological reactions to it. I recall now that I also put Toxoplasma in 
some Aedes varipalpus mosquitoes, and again recovered it in mice after 3 days, 
but not after 9, 16, and 36 days. It seems reasonable that it just persisted, and 
I do not mean to stake any great claims on that. 

Wanko: Were there pathological changes in these animals? 

Frenkel: We did not study that. The animals did not appear to be sick. 

Unknown: We have tried to inoculate frogs at normal temperature, and got 
no antibody response until we heated the frogs to 32° or 33°C., which is rather 
difficult to do. But then they responded with a good antibody titer. 

Beverley: We have lately found that toxoplasmosis will cause roughly a half 
per cent of the sheep in the north of England to abort. The placentas are very 
heavily infected. We have estimated that there will be at least a thousand mouse 
infectious units per placenta. In addition to causing abortion, toxoplasmosis 
will cause some ewes to have premature weakling lambs—their placentas also 
contain many toxoplasmas. Still other ewes have live but infected lambs and 
infected placentas. Sheep, if well fed, do not eat their placentas. What happens 
to these tissues? Weakly lambs go to the predators, whether mammalian or 
avian, and no doubt infect them, but at the same time the paws or claws and lips 
or beaks become contaminated and so infection may be transferred to other 
grassland. While the animal is tearing the flesh, it steadies it with its limbs and 
tears with its beak or mouth and small portions of tissue and fluids are scattered 
in the neighborhood. Stillborn and aborted lambs and the placentas go to the 
scavenging animals and infection may be spread in a manner similar to that in- 
volving the predators. Further, migrant herbivors and vegetarian birds alighting 
on infected land can become contaminated and transfer the infection still further 
afield, possibly to small holdings and vegetable gardens. It is possible that other 
species, such as hares, which litter in the open, may similarly be the primary 
contaminators of pastures. 

These infectious units can gain entry into other animals by many routes. 
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Wounds are, perhaps, commoner than one realizes. In sheep, there is a condition 
called foot-rot, a mycotic infection, where there are bleeding, ulcerating surfaces. 
Sheep, if they are kept on soft pasture, need to have their hooves trimmed quite 
often, and wounds are not infrequently caused in that process. 

We do not need to postulate a break in the epidermis. Ingestion of these infec- 
tious units will cause infection. Inhalation will do so even more easily. As few 
as 37 cysts, dropped into the nostrils of a lamb, will produce infection in 75 per 
cent of animals. A smaller number, such as 7 or 9, dropped into the nostrils of 
a mouse, will cause infection. Low grazing animals like sheep, hares and rabbits 
may well contract infection by the respiratory route. 

Halbert: I would like to ask if there are any observations on the survival time 
in these bits of tissue of Toxoplasma outside the host, under a variety of environ- 
mental conditions? 

Remington: Brains of Beverley mice, infected with numerous Toxoplasma 
cysts were allowed to dry at room temperature, 37°C. and 4°C. After various 
time intervals, the dried tissue was macerated, suspended in saline, and inoculated 
into mice. Even after 1 day at 18° to 20°C. the brains were no longer infective. 
Only one positive result was obtained with a specimen dried for 72 hours at 4°C. 
On the other hand, control mice inoculated with the same amount of undried 
brain died on the 13th day. In another series of experiments, brains of chronically 
infected mice were ground in a mortar and suspended in a volume of pH 7.2 
buffered saline 10 times their weight. They were kept refrigerated at 4°C. there- 
after and samples were taken at intervals and inoculated into mice. The encysted 
parasites showed survival for as long as 68 days at 4°C. Similar experiments with 
whole brain were carried out in a deep freeze at about minus 15°C. In all cases, 
freezing for 24 hours resulted in loss of viability of the cysts. Heating for 15 to 
20 minutes to attain a temperature of 60°C. was regularly lethal to the cysts. 

Beverley: Perhaps a more natural example of the survival is that we have had 
lamb heads sent to us by post, and occasionally there has been a delay of a week, 
so that the brains have been really offensive by the time we received them; 
even so we have managed to isolate Toxoplasma from them. 

Remington: As long as the material does not dry, the organisms are able to 
persist for long periods of time. 

Kaufman: It is curious that the infectivity of these cysts seems to be correlated 
with the persistence of Best-carmine (presumably glycogen) staining, and as 
this staining disappears, infectivity is lost. 
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OBSERVATIONS ON THE NATURE AND TRANSMISSION OF TOXO- 
PLASMA IN THE LIGHT OF ITS WIDE HOST AND GEOGRAPHICAL 
RANGE 


R. LAINsoNn 


The Leishmaniasis Research Unit, Baking Pot, El Cayo District, British Honduras, 
Central America 


Toxoplasma appears to have no complete host restriction throughout the 
warm blooded vertebrates, and seems to be equally unrestricted in its geo- 
graphical distribution. This at once suggests a remarkably efficient, adaptable 
parasite with a highly effective (and therefore, presumably, simple) mode of 
transmission. 

Ironically enough, however, it is the very efficiency of this transmission that 
has blinded us in our attempts to determine the natural spread of the parasite: 
we cannot see the wood for the trees! It is a sobering thought that, since the 
discovery of Toxoplasma, 52 years ago, its life cycle still remains almost a 
complete mystery. 

With the first record of human infection, intensive efforts were started in 
attempts to incriminate some host reservoir for toxoplasmosis in man. As a 
result we are now faced with such am array of apparent reservoir that the issue 
has become somewhat clouded. Dogs, cats, cattle, sheep, pigs, rabbits, rats, 
pigeons and chickens are a few of man’s daily contacts in which significantly 
high infection rates are recorded in many parts of the world. Just who, we 
may well ask, is the reservoir of infection for whom? 

Can all these animals act as “reservoirs” for each other, including man? 
Are we to expect, in nature, that this same parasite can readily pass from a 
rabbit to a pigeon, from a pigeon to fox, from a fox to chicken and, at any time, 
from any of these animals to man? 

It is becoming increasingly evident that, as far as the subject of “host reser- 
voirs” of human toxoplasmosis is concerned, we have reached somewhat of a 
cul-de-sac. Until the actual mechanism of transmission is known it is impossible 
to fully assess the mass of figures we have on the incidence of Toxoplasma in 
this or that species of animal. At the moment we must content ourselves with 
compiling a long list of recorded hosts and cautiously suggesting that these 
represent potential reservoirs of human infection. Naturally this list will be 
headed by man’s domestic animals, including his domesticated vermin. 

The subjects of potential host reservoirs and transmission are, to my mind, 
so intimately linked that they cannot adequately be discussed separately. No 
excuse will be given, therefore, for what may appear to be a digression from the 
subject of ‘biological reservoirs of toxoplasmosis,” originally requested of me. 

Within their respective groups of the phylum Protozoa, most parasites possess 
allied forms with which they share common characteristics—particularly in the 
basic pattern of their life cycles. This has enabled the protozoologist to frecuently, 
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and accurately, predict the nature of newly discovered organisms. Such patterns 
of development are found among the haemosporidians, haemogregarines, intesti- 
nal coccidia and many other parasitic groups. It is natural, then, that we should 
look first to such groups for some clue as to the nature of Toxoplasma. Unfor- 
tunately this has proved to be difficult. 

Firstly, if Toxoplasma is to be included among the Protozoa at all, it at one 
becomes unique in its enormous host range. Most protozoal parasites, if not 
actually restricted to a single host species, extend their range to little ‘more thar 
closely related species. 

Secondly, the wide host range and world-wide distribution of the parasit« 
raise difficulties when we attempt to correlate these with the most usual method; 
of transmission. Let us consider the two most common methods separately. 


1. TRANSMISSION BY AN INTERMEDIATE, BLOOD-SUCKING HOST 


As Chandler' points out, “When an intermediate host is involved, distribution 
is more limited, for not only must both hosts be present together, but the rela- 
tions between them must be such as to favor the transfer of the parasites from 
one to the other.” 

The world-wide distribution of Toxoplasma does not, then, suggest the role of 
a single intermediate host in its transmission. Such a vector would need to 
possess an equally wide host and geographical range and, as far as is known, 
does not exist. 

Is it possible that a variety of vectors exist—different ones for different hosts, 
in different parts of the world? The unlikelihood of this is supported by our 


experimental failure to demonstrate any arthropod which will adequately 
transmit Toxoplasma. 


2. TRANSMISSION BY RESISTANT CYSTS 

Providing the microhabitat is favorable, cyst-producing parasites can enjoy a 
world-wide distribution such as that of Toxoplasma. 

Toxoplasma does, undoubtedly, possess a distinct cystic phase in what little 
we know of its life cycle.? Is this, then, the clue we are looking for? Again we are 
faced with serious difficulties. 

To start with, these cysts are of a relatively fragile nature: it is found that 
they are unable to withstand the sort of osmotic and temperature changes that 
they would be expected to survive outside the body of the host. Neither can 
they tolerate desiccation. 

Assuming, however, that the cysts may survive certain external conditions, 
how might they pass out of the host’s body and into another? 

The heaviest concentration of cysts is usually in the central nervous system 
and the skeletal muscle—not exactly ideal sites for ready exit from the host. In 
the case of omnivorous and carnivorous animals, infection might well be acquired 
by eating infected flesh (this can be relatively easily done in the laboratory) 
but it is difficult to account fcr high rates of infection in purely herbivorous 
animals such as rabbits, hares, guinea-pigs and pigeons, etc., by this method. 
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In some infections the lungs are a site of reasonably heavy cyst production 
nd cysts have been demonstrated free in alveoli and the lumen of bronchioles. 
\s a result it has been suggested that Toxoplasma may be transmitted by droplet- 
ifection, or by way of the feces after the cysts have been coughed up and swal- 

jowed in sputum. This would suggest a reason for the wide dissemination of the 
parasite, but also the need for a much more robust type of cyst. Possibly, direct 
inhalation might overcome the hazards of spending too long in the external 
environment, but one feels that a method of transmission must exist which is 
less dependent on chance. 

To date, the production of cysts in the epithelium of the gut is not recorded, 
even when they are abundant elsewhere in the body. Ready exit of cysts in the 
feces, therefore, seems unlikely. 

The occasional demonstration of a cyst or two in kidney tissue has sometimes 
prompted the suggestion that infection may be spread by way of urine. 

There has, understandably, been much “grasping at straws’’ on the subject 
of transmission. Judging by the prevalence of Toxoplasma in nature, the method 
of transmission must be effective and simple. If spread by way of feces or urine 
is to be effective, we should expect (as in the coccidia) really large numbers of 
cysts in the gut or kidney, not occasional ones. 

What other clues may we find in the study of other parasites? 

Toxoplasma is frequently referred to the class Sporozoa, although there is no 
valid reason for this other than pure convenience. The parasites of this class 
mostly possess highly characteristic developmental stages associated with 
schizogony and sporogony and we should expect some such tissue forms from 
Toxoplasma. So far these have not been found. If they do exist in the vertebrate 
host, then it seems inconceivable that they should have been missed in the many 
thousands of animals studied. It is reasonable to suppose that either there are no 
other stages at all in the life cycle of Toxoplasma, or that these stages develop 
in some invertebrate vector. As discussed, however, the transmission of Toxo- 
plasma by an intermediate invertebrate host seems unlikely. Still considering 
the possibility of as yet unknown developmental phases in the parasite’s life 
cycle, there remains the suggestion that there may be a free-living, infective 
stage. Such an outside source of infection, available to any species of bird or 
mammal, would certainly account for the prevalence of Toxoplasma in nature; 
but most workers appear to regard this possibility with little enthusiasm, prefer- 
ing the view that the parasite will ultimately be assigned to some already well 
defined group of the Sporozoa. 

In recent years, however, the protozoologist has been faced with a growing 
number of these ‘Protozoa of doubtful affinities” which will not “fit” into any of 
the accepted patterns of development of the parasitic protozoa. Encephalitozoon, 
Sarcocystis, Besnoitia, and Toxoplasma are the best known, and others will 
undoubtedly be discovered. 

Possibly it is our determination to force these square pegs into round holes that 
has resulted in virtually complete failure to unravel their life-cycles. There is 
now emerging, therefore, a growing conviction that these problematic organisms 
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may form a distinct group of their own, and possess characteristics which canno' 
be compared with those of the better known groups of the Protozoa. 

Time and much hard work will show whether or not this group of parasite 
has definite protozoal or fungal affinities. Maybe, like the Mycetozoa (‘‘slime 
fungi’’), they will be shown to stand on the borderline between the Protozo 
and the Protophyta. 


REFERENCES 
1. Cuanpuer, A. C.: Introduction to Parasitology, p. 18. John Wiley & Sons, Inc., New Yor 
1940. 
2. Larnson, R.: Tr. Roy. Soc. Trop. Med. & Hyg., 52: 396-407, 1958. 


Lainson: I have several pictures here which show nothing particularly ney 
but may serve to refresh our memories of the normal microscopic appearance « 
Toxoplasma, as distinct from the new features currently being revealed b 
electron microscope studies. 

Figure 34 shows a typical group of dividing toxoplasmas, during the early stag 
of infection of a mouse with an avirulent strain obtained from a domestic rabbi 
This is a smear of undiluted peritoneal exudate, wet-fixed in osmium tetroxid 
vapor and stained with Giemsa’s stain. In dried films it is often extremel: 
difficult to determine the outlines of the individual parasites; this is a featur 
resulting in numerous reports of schizogony in the past. Wet-fixation in Bouin’ 
fluid or osmium tetroxide vapor with subsequent staining with Giemsa’s stain 
however, overcomes this difficulty and produces beautiful preparations. 

I feel that the best method for preparing stained cysts is by treating ver 
thin brain smears in the manner I have just mentioned. The cysts are flattened 
but retain their spherical shape as shown in Figure 35. 

Eyles: Is that fresh? 

Lainson: No, that is stained by the method just mentioned. It is quite an 
early cyst, about 3 weeks after the inoculation of the mouse with an avirulent 
strain from a rabbit. 

Figure 36 shows a very large cyst, again in a smear of brain from a mouse 
(the same strain as the last). This was made 4 months after the animal wa 
inoculated, and shows considerable growth of the cyst which now contain 
enormous numbers of toxoplasmas. It speaks for the considerable elasticity o 
the membrane—this crushing and flattening, but with the membrane sti! 
remaining intact and thinning out until it becomes almost invisible. Figure 3 
shows a section of the same brain. Note the conspicuous wall of the cyst. 
ruptured cyst in a brain smear from a mouse, fixed while wet in absolute meth: 
alcohol is shown in Figure 38. It gives rather a poor picture of the individu: 
parasite, but the interesting point was that almost every large cyst on th 
smear had ruptured. Notice the conspicuous cyst wall, giving the appearance « 
a burst balloon, with the toxoplasmas spilled out all around. 

Figure 39 shows a section of lung from a mouse, infected 21 days previousl) 
with another avirulent rabbit strain. A cyst is developing and bulging into tl 
lumen of an alveolus. 
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Fig. 34. Intracellular group of toxoplasmas. Smear of mouse peritoneal exudate, wet- 
fixed in osmium tetroxide vapor and stained by Giemsa’s method. X 800 

Fic. 35. Cyst of Toxoplasma (rabbit strain) in a smear of brain from a mouse inoculated 
21 days previously. Wet-fixed in Bouin’s fluid. Giemsa’s stain. X 800 

Fig. 36. Cyst of Toxoplasma (rabbit strain) in a smear of brain from a mouse inoculated 
4 months previously. Wet-fixed in Bouin’s fluid. Giemsa’s stain. X 600 

Fic. 37. Cyst of Toxoplasma in cerebral hemisphere of mouse; 4-month-old infection 
(rabbit strain). Section at 44. Bouin fixed. Stained by Giemsa-Colophonium method. X 800 


Frenkel: How do you know this is a cyst? 

Lainson: I am basing my opinion largely on the follow-up which showed cysts 
to be scattered throughout the lungs of other mice with older infections which 
were inoculated at the same time with the same strain, and because higher 
magnification clearly shows a cyst wall to be present. Figure 40 shows such a 
cyst seen in the bronchiole of a mouse and Figure 41 shows it more highly 
magnified. 

Zimmerman: I think we ought to have “cyst” defined. 

Lainson: I find it extremely difficult to find any ‘‘cut and dried” definition of 
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Fic. 38. Ruptured cyst of Toxoplasma in a smear of mouse brain; 4-month-old infection. 
Wet-fixed in absolute methyl alcohol, Giemsa’s stain. Note the conspicuous, folded cyst 
wall. X 1000 

Fig. 39. Developing cyst of Toxoplasma, bulging into alveolus of mouse lung; 3-week- 
old infection (rabbit strain). Fixed in neutral formol-saline, sectioned at 4 yu, stained by 
Giemsa-Colophonium method. < 800 

Fic. 40. Cyst of Toxoplasma free in the lumen of a bronchiole; 1-month-old infection in 
mouse (rabbit strain). X 300 

Fig. 41. Same cyst, enlarged for details. Note conspicuous cyst wall. Fixed and stained 
as for Figure 39. Section cut at 44. X 1000 


the word “cyst” in the literature in connection with Protozoa. People seem to 
hedge very much around the subject. I was reduced in the end to defining it for 
my own purposes. I cannot remember the exact words, but it went somethiny 
to the effect that if the wall surrounding the organism or groups of organisms 
built up either partially or completely from substances produced by the organis : 
within that wall, then the object must be regarded as a true cyst, as opposed 1» 
a pseudocyst where the surrounding membrane is purely the product of su:- 
rounding tissues of the host, or outside material. 
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Frenkel: Excuse me, Dr. Lainson, but it seems to me that the problem here is 
ot so much whether we call it a cyst or a pseudocyst. These are matters con- 
erned with our concept of the origin of the wall. It seems to me our real question 
s, are these proliferative forms or cysts or pseudocysts? I feel this is the mean- 
ngful distinction to make. 

I do not recall whether it was in your paper, in Dr. Goldman’s, or in Dr. Zim- 
merman’s which is coming later, that the feeling was expressed, which I have 
had frequently, that cysts develop after some form of immunity has been ac- 
quired. I am not sure that this is so. 1 wonder whether anyone has seen cysts 
develop in tissue culture from proliferative forms, and if so, whether from normal 
cells or from cells from an immune animal with added antibody and accessory 
factor. 

To my mind, a cyst is something that has a semirigid, tough cyst wall, which 
when torn has ragged edges. On micromanipulating it with a needle, under a 
microscope, it reminds me more or less of a pingpong ball, if you tear it apart. 
I find it somewhat resilient but not really very elastic, although it does tear 
rather raggedly. The fact that the organisms inside take a periodic acid-Schiff 
(PAS) stain is not in itself very meaningful. The meaningful thing, I believe, is 
that previous digestion with amylase or diastase removes this PAS staining, 
indicating, by inference, that this PAS material is really glycogen, and the 
amount of glycogen present in these cyst organisms, I think, is helpful in identi- 
fying them and perhaps is meaningful (Figs. 42-44). 

Lainson: It is not at all satisfactory to use the term “proliferative form” to 


distinguish any aggregation of toxoplasmas from cystic forms simply because the 
parasites may be proliferating whether or not they are in cysts. 
This means that we have to decide whether such a mass of toxoplasmas as I 


Fig. 42. Toxoplasma cyst developing in neuron of hamster with chronic infection. Note 
dark glycogen granules in organism compared to light host cell nucleus (above). Periodic 
acid-Schiff-hematoxylin. X 1000 

Fic. 43. Toxoplasma cyst developing in neuron. The nuclei of Toxoplasma are much 
lighter-staining than the glycogen granules in Fig. 42. Hematoxylin azure II eosin. X 1000 

Fig. 44. Toxoplasma cyst developing an argyrophilic cyst wall while still in a neuron. 
Wilder’s silver technique. X 1000 
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have just shown, in the mouse’s lung, is surrounded by a cyst wall or not. From 
my own observations on the development of this and other strains in laboratory 
animals, I have concluded that the aggregation in question is a growing cyst 
It has a distinct capsule or cyst-wall such as Dr. Frenkel has, in fact, just de 
scribed in his own words. Such cysts can be micro-manipulated out of the lun; 
tissue and appear exactly similar to the cysts seen in other tissues of the sam: 
animal. 

As a result of studies on the development of cysts over a period of nearly : 
years, I also reached the conclusion that the production of these cysts is a distinc 
and consistent part of the life cycle of Toxoplasma, as seen when the parasite i 
behaving normally in the host and not exalted to the extent that it produce 
disease.* 

I felt it to be most necessary, therefore, to differentiate clearly between thi 
cystic part of the life cycle and any other stages that may exist. 

The only other stage of the life cycle so far known is the initial (or “acute” 
phase of development, so well seen in the peritoneal exudates of newly infecte: 
animals. It seemed logical to me, therefore, that we need (so far) only 2 descrip 
tive terms to cover these 2 stages. 

The term ‘‘cystic phase’’ explains itself. What term, then, shall we use for th: 
other phase of development, before the production of cysts starts? 

During this early phase of development there are produced rather irregula 
masses of parasites within the host cells—similar to the aggregations formed by 
such parasites as Histoplasma, Encephalitozoon, Leishmania and Trypanosom: 
cruzi. There is no visible membrane formed about these intracellular groups oi 
organisms, save the limiting membrane of the old host cell. This soon rupture 
and liberates the parasites which enter new cells. 

These temporary aggregations are not, then, protozoal cysts, but occasional] 
they may superficially resemble cysts. What better name for them than “pseudo 
cysts,” and “‘pseudocystic phase” for that stage of the parasite’s life history 
when they are produced? 

As I have already indicated, the development of the cysts can readily b 
followed from the earliest stages. Beginning at about the 8th day of infection 
it usually coincides with the dying down of the pseudocystic phase. The earlies 
cysts I have seen contained but 2 toxoplasmas, surrounded by a tiny, perfect}; 
spherical and resilient cyst wall. There is never a trace of a host cell nucleu 
within such structures, indeed, there would be no room for such a nucleus. 

Frenkel: How about outside of it, though? 

Lainson: One must depend on sections to determine whether the young cyst 
develop inside or outside the host cells, or both. This is always very difficult 
Suffice it to say that whether they are within or without the host cell is immateri: 
in the present discussion ; they are still cysts, in my view. From my own prepar: 
tions it appears likely they may develop in or out of the cells. 

About Dr. Frenkel’s observations on the biochemistry of the cyst wall I ca 
add very little. My own studies have been largely of a morphological natur 


* Lainson: Tr. Roy. Soc. Trop. Med. & Hyg., 52 (No. 5): 396-407, 1958. 
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’erhaps he may feel that this is insufficient and that absolute proof of the origin 
f the cyst wall depends on biochemical methods. I have been hoping that 
omething definite could be done on these lines, but at the present it appears to 
most difficult, if not impossible. 

Eyles: The wall does stain with the fluorescent antibody; is that right? 

Goldman: Yes. Figure 16 demonstrated that. We have some sections in which 
here does not appear to be a wall around the mass of organisms, but they have 
n0t been worked out in such detail. Some of those sections were cut from frozen 
blocks; others were fixed and imbedded. These may have been factors involved 
in the appearance. But, certainly, where the wall did appear as I showed, it was 
quite evident that it stained with the antibody to Toxoplasma. 

I think, Dr. Lainson, it may not be quite so difficult or impossible to demon- 
strate the origin of the cyst wall now with a tool like an immunochemical stain. 

Lainson: As I have just said, that is something I am hoping can be done, 
eventually. I think it is a most basic and important point to clear up. If Toxo- 
plasma were shown not to produce true protozoal cysts, for example, and that 
the cyst-like bodies were not an integral part of the life cycle, then we would 
have to revise our thoughts considerably on the question of transmission, etc. 

Pinkerton: Dr. Lainson, I understand your concept to be that a cyst contain- 
ing two organisms, perhaps outside the host cell, increases in size by multiplica- 
tion of these organisms within the cyst wall; is that correct? 

Lainson: Yes. 

Pinkerton: Well, that is a little in violation of the general concept that this is 
an obligate intracellular parasite. It seems to me, if that were true, it would 
be quite easy to grow these organisms in artificial media, as one does the fungi. 
I have made no observations on such minute cysts and, frankly, my thought is 
more or less along Dr. Frenkel’s lines, except that I felt that these organisms 
got their start inside a cell and then they became (Dr. Frenkel does not like the 
term) “‘terminal colonies.” At least there is nothing left of the cell, and they are 
about as big as a maximally distended cell (sometimes a little bigger, I will have 
to admit) and then there is a transition from what I used to call the “terminal 
colony” to the cyst form. Is it your concept that the cyst is something entirely 
different from a large intracellular colony, when all the insides of the cell have 
been used up? 

Lainson: There has been much indiscriminate use of the terms “‘pseudocyst,’’ 
“eyst,” “proliferative forms,’ “terminal colonies,” etc. I have tried to avoid 
confusion by the use of the 2 terms “‘pseudocyst” and “‘cyst.”’ The first we know 
to be intracellular; the second does develop within cells, we know, but there 
seems to be some evidence that it may also develop outside the host cell. 

Pinkerton: Whether they are intracellular or not has little meaning, when they 
get to the point where they have entirely destroyed the cell. 

Lainson: Quite. 

Pinkerton: The question is whether they started intracellularly and were 
carried within the cell up to a reasonable size, let us say, a couple of hundred 
organisms. 

Lainson: I think I have already stressed that the point I consider to be of 
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prime importance is whether there is the production of true protozoal cysts as 
well as pseudocysts. Not so much whether they are intracellular or extracellular. 

Remington: Perhaps another method might help to clarify the nature of these 
structures. If one triturates chronically infected mouse brain in saline and views 
a diluted aliquot of this material microscopically, one may often see hundreds 
of cysts before them. From this material the cysts are easily microisolated and 
“an then be examined free of extraneous tissue. 

In experiments performed to determine whether cyst size varies with the 
stage of infection, we measured the diameter of cysts which were microisolated 
from 10- to 15-day-old and 30- to 60-day-old infections. Large cysts are found 
regularly in the late infections, but not unusually one may also find small cysts 
in the same field. In the earlier stages of infection, the large cysts are seen less 
frequently and often one must view the material under higher magnification in 
order to locate the many smaller cysts. The large ones may vary in size between 
50 and 100 y, the small ones often harboring only a few organisms. In an attempt 
to measure the number of organisms in several of the larger cysts we had some 
difficulty, but there are approximately 1000 to 3000 parasites in a cyst measuring 
50 p. 

It is noteworthy that the smaller cysts can also be microisolated, and their 
walls are readily digested by peptic or tryptic enzymatic action. Because these 
smaller structures can be seen to float free in the preparation of triturated brain, 
and because their wall is digested by the enzymes mentioned, it is probable that 
they are simply small members of a family of cysts which vary greatly in size, 
and in the numbers of organisms they contain. These observations suggest that 
cysts do grow in size, but our data are too incomplete to allow us this conclusion. 

Pinkerton: And they form how early? 

Remington: Dr. Lainson has found them as early as 8 days after the acute in- 
fection. I have found them as early as 10 days. 

Feldman: We have seen them in sections 5 to 6 days after infecting mice. 

Remington: When microscopic sections are used, the question may arise as to 
whether or not these are cysts or terminal colonies. However, if one can see the 
structure with a refractile cyst wall floating free in solution, and if this structure 
can be microisolated and identified, there could be little doubt about its nature 
Figures 45 and 46 illustrate this. 

Frenkel: Could we just agree on the terminology? I think there is some con- 
fusion just on the basis of the terminology. If I understand Dr. Lainson correctly, 
he says, first the bugs will appear as pseudocysts and then later they form a 
cyst. My terminology is that, first, they are proliferative forms—and I do not 
give any particular name to the large number of organisms which are present 
in the cell, when they accumulate. 

Zimmerman: Are the organisms not proliferating then? 

Frenkel: Well, I suppose— 

Lainson: Exactly. 

Frenkel: This is a weakness of this term. 
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Fig. 45. Microisolated Toxoplasma cyst 
Fic. 46. Toxoplasma cyst floating free in brain suspension 


Hogan: When does a proliferative form become a cyst or pseudocyst? How 
can you tell by looking at them? 

Frenkel: The way I make the decision is by the argyrophilic wall of the cyst 
and by the accumulation of the glycogen (Fig. 44). All I am trying to achieve, 
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is some agreement in the usage of terms for these 2 days, since, otherwise, I 
just cannot understand what anyone else means by the terms he uses. 

In the nonimmune host, one single organism enters the cell, multiplies by 
multiple binary fission, and then the cell disintegrates, and then this starts over 
again. This is the “proliferative form” since they proliferate actively in cells and 
destroy them. Prior to the development of immunity, I have never seen what 
I call cysts. Dr. Zimmerman just pointed out that the cyst forms proliferate, too, 
although more slowly; perhaps proliferative form is not a very good term. I 
would be willing to call these the ‘‘proliferative cycle” and “‘cyst cycle” (Fig. 47). 

Feldman: Would you define what you mean by “immune host’’? 

Frenkel: An animal that has been infected for about 3 or 4 weeks, and has 
some demonstrable antibody. 

Feldman: Just antibody? 

Frenkel: Well, I mean, something I can measure. I think the intracellular 
immunity is much more important; total immunity should be measured by 
resistance to challenge but this is often just a matter of inference. But I do not 
think immunity is necessarily relevant to naming the stages of Toxoplasma. 

Feldman: No. There is activator, too? Earlier, you spoke about activator and 
antibody. 

Frenkel: Well, then I referred to a tissue culture system, and how one might. 
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Fie. 47. Conceptual scheme summarizing proliferative and cyst cycle (Frenkel) 
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Fic. 48. RH strain of Toxoplasma. Twenty-four-hour culture in retinoblastoma cells; 
single and paired organisms. Note vacuole around cells due to fixation. x 1400 

Fie. 49. RH strain of Toxoplasma. Seventy-two-hour culture in HeLa cells; numerous 
cytoplasmic rosettes. X 576 

Fic. 50. RH strain of Toxoplasma. Three-week culture in HeLa cells; single and paired 
organisms, rosettes, and two cytoplasmic cysts. X 730 


synthesize an immune type environment in tissue culture. But in intact animals 
I am not concerned about the activator factor. Apparently, mice have immunity 
without having demonstrable activator or accessory factor. I would propose to 
leave this out, I do not think it is important for the concept. 

One finds cysts in animals with chronic infection, so the problem is to try to 
trace them back, to see how they originate. I call them “‘cysts”’ or “‘pseudocysts.”’ 
The term “terminal colony” was coined by Cross,* who studied Toxoplasma 
only in the peritoneal fluid of acutely infected mice. She saw macrophages filled 
with organisms and presumably reasoned: “They don’t look like cysts, so let’s 
call them ‘terminal colonies.’ ”’ Her identification of the peritoneal organisms 
was a mistake, I believe, in that she did not understand that “cysts” had been 
described from the late stages of the infection. 

I would agree, however, to calling this final stage of cellular proliferation a 
“terminal colony,” although I have not utilized this term in the past. 

Lainson: The main reason for my using ‘“‘pseudocystic phase,” where you 


* Cross: J. Infect. Dis., 80: 278-296, 1947. 
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used “proliferative,” was for the very reason just mentioned, that the organisms 
are still proliferating in the cysts. We have already raised that point. 

Beverley: I think, the difference of opinion may be due to the fact that in 
sections or smears, these early cyst forms are seen still within the cell. When 
Dr. Lainson, Dr. Remington, Dr. Goldman, Miss Melton, and I have made our 
preparations by trituration, what we may possibly have done, is to rupture the 
cells, liberate these structures, and have erroneously taken them to be free 
cysts, and assumed that cysts are independent of host cells at an earlier stage 
than they really are. 

Frenkel: What Dr. Beverley just pointed out is true, my information is pri- 
marily from sections, corroborated by smears. When one grinds up the brain, 
one seems to see these as independent cysts, and it would be difficult to see the 
host cell nuclei applied to it. Judging from studying many animals in the late 
chronic infection, I think the host nucleus degenerates gradually, and the naked 
cyst persists. (See Fig. 44 and Fig. 79). 

Hogan: Tissue culture preparations of Toxoplasma organisms are shown in 
Figure 48; three strains grown in various types of cell culture. The first is a 24- 
hour culture of the RH strain, grown in retinoblastoma cells. It shows many 
organisms in the cells. Single and paired organisms are present in the cytoplasm. 

These organisms were grown in cells placed on flying cover slips. The cover 
slips were removed at 24 and subsequent hours, stained with Giemsa and other 
stains, then studied. 

Figure 49 is a 72-hour RH culture on HeLa cells. There are many curious 
rosettes which have been described previously and which are very interesting, 
because there is no real explanation for their formation. I suspect that at a later 
stage they have something to do with the formation of cysts. 

A 3-week culture in HeLa cells is demonstrated in Figure 50. The cytoplasm 
now contains a very large cyst, which has a very definite wall. We have shown 
by electron microscopy that this is a true cyst wall (Fig. 51). 

Zimmerman: There is no antibody in this system? 

Hogan: No, this is why I think Dr. Frenkel’s theory is pretty, but it just 
does not fit the facts. 

Figure 52 isa 12-week culture of the RH organism in HeLa cells. Notice that in 
addition to rosettes and cysts, there are proliferating organisms. We have been 
able to isolate organisms in mice from the cultures at this stage. This RH strain 
of organisms now has been maintained in various types of cell culture for as 
long as 4 months. 

Frenkel: Well, how do you synonymize what you see in the chronic infections? 
This is the problem. There is also 4 certain priority, I think, to the term “‘pseudo- 
cyst” such as Weinman* has coined. I tried to point out earlier, and I do not 
really make much point of it now, that it might be better to call them “cysts.” 
I have seen structures resembling these in tissue culture, too. I have not seen the 
rosettes as you have, although we are using HeLa cultures occasionally. We 
usually use monkey kidney and mouse or hamster fibroblast cultures. 


* Weinman: J. Infect. Dis., 73: 85-92, 1943. 





TOXOPLASMOSIS SYMPOSIUM 


Fig. 51. RH strain of Toxoplasma. Three-week culture in HeLa cells; electron micro- 
scopic section of a HeLa cell containing a Toxoplasma cyst. C = cyst wall. Con = conoid. 
CM = cell membrane. Jox = toxonemes. V = vacuoles. X 28,000 


Fic. 52. RH strain of Toxoplasma. Twelve-week culture in HeLa cells; proliferating 
organisms, rosettes, and cysts. Note the almost conglomerate mass of cysts in several cells 
at the lower right portion of picture. X 365 
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Hogan: I believe the secret is in the amount of inoculum used. If large inocula- 
tions are made, such as Jacobs et al. used, the cells are destroyed very rapidly, 
because there is a marked disproportion between the number of organisms and 
the number of cells in the culture. As a result the culture is overwhelmed. But if 
one uses very small inocula, the cultures can be maintained indefinitely. 

Frenkel: I would feel that these are interesting structures to which one might 
give the tentative number 3, but I would feel, probably, these are what I call 
proliferative forms, or number 1. I would not agree, without showing argyrophilic 
cyst wall or storage of glycogen, that this should be called a cyst. 

Hogan: I think that is an arbitrary definition of a cyst. We have seen early 
cysts in brain which are not PAS positive or argyrophilic. I believe that other 
people have observed this too. 

Frenkel: But then they are not cysts. 

Hogan: If you are going to be arbitrary and say it has to have an argyrophilic 
wall, I think this is an artificial system of classification. We learn more about 
when a cyst is forming by studying the organisms in a cell. 

Remington: You can look at isolated cysts and stain them. There is no question 
about their being cysts, and they are not argyrophilic. 

Kaufman: I have seen them without argyrophilic walls, in eyes. 

Frenkel: What eyes? 

Kaufman: Guinea pig eyes; experimentally produced. 

Frenkel: Well, I certainly think that the term “cyst” is not copyrighted; on 
the other hand, it is a matter of trying to give a name to something that is 
distinctive and meaningful, namely, the thing that has the cyst wall. Maybe, 
it is useful to make that distinction and maybe it is not, but I feel that without 
further evidence, one cannot synonymize these growth forms from tissue culture 
with what is found in mice, human beings or other animals, months and some- 
times even years after the infection. 

Hogan: We have another cell line which was isolated from a human retino- 
blastoma. Toxoplasma grows in a more interesting fashion in this cell line than in 
the others. Figure 53 is a 7-day culture of Toxoplasma in the retinoblastoma cell 
and shows the type of growth which occurs. These cells show a combination of 
a single organism, pairs of organisms, rosettes, and cysts, all in the same cluster 
of cells. 

A 3-week culture in retinoblastoma also shows the clusters and the formation 
of cyst-like structures. The vacuoles around the cysts are due to shrinkage, | 
believe, because, in the osmium-fixed specimens we do not see vacuoles. 

We have been studying other strains of Toxoplasma in tissue culture. The 
MF strain which we isolated from a congenital toxoplasmosis eye behaves al- 
most exactly the same as the RH one, except that it forms cysts very much 
earlier. With the RH strain the cyst usually forms at about 7 days, whereas with 
the MF strain they form around the 3rd or 4th day. Rosettes are fewer whe 
MF is cultured in the retinoblastoma cell. 

The retinoblastoma and monkey kidney epithelial cell lines seem to be best 
for the various strains. 
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Lainson: Dr. Hogan, these cysts seem to lack that beautiful even, rounded 
nature that you get in the normal infections in the vertebrate host. Is that due 
to flattening? 

Hogan: It is due to shrinkage, I believe, because in the osmium-fixed ones and 
those Dr. Wanko can show, there is little shrinkage and the wall is much more 
clearly seen. In sections of osmium-fixed cells 1 » thick, the wall can be seen 
very easily. 

Lainson: And did you by any chance use any completely avirulent strains? 

Hogan: This MF strain is of extremely low virulence. 

Halbert: I would like to raise one question. Jn vivo, the walls of these cysts, 
according to the picture that Dr. Goldman showed, do contain Toxoplasma 
antigen that can be stained with fluorescein tagged antibody against Toxoplasma 
components. In view of this, since the infected animals produce antibodies 
against these antigens, one must suspect that there is a further coating of the 
cyst wall with y-globulin (antibodies) of the species being infected. 

This could be very readily demonstrated, of course, by staining cyst sections 


Fic. 53. RH strain of Toxoplasma. Seven-day culture in retinoblastoma cells; several 
proliferating organisms and two early cysts. The organisms forming cysts have retracted 
from the cytoplasm and appear to be in a vacuole. This is an artifact due to fixation. X 730 

Fic. 54. Toxoplasma cyst; Giemsa stain of brain smear 
Fig. 55. Toxoplasma cyst; PAS stain of brain smear 
Fic. 56. Microisolated Toxoplasma cyst; methylene blue 
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with fluorescein labeled antibody directed against mouse y-globulin, if mice 
were being used. This might demonstrate accumulations of y-globulin on the 
surface of the cyst or pseudocyst, and such complexes may very well add some- 
thing to the properties of the cyst wall. 

Remington: I do not wish to prolong this discussion unduly but many of us 
who have worked intimately with the cyst of Toxoplasma feel that this form 
of the parasite may be the important one in uveitis. If we can develop better 
methodology in its study, perhaps we would be able to explain some of the 
findings. Certainly it is often the patients with low dye test titers who have 
uveitis. Figure 54 is a reproduction of a preparation made using Lainson’s 
technique of smearing the brain between two microscope slides. The material is 
chronically infected mouse brain, and this is a pressed specimen. If one micro- 
isolates these cysts from triturated specimens the cyst can be broken open 
manually and the organisms isolated away from the cyst wall and all extraneous 
materials. These organisms can then be studied and readily compared to the 
proliferative form isolated from peritoneal exudate. Figure 55 is presented for 
those of you who have not before seen the remarkable PAS positivity of the 
organisms within the cyst wall as was mentioned by Dr. Frenkel. Interestingly, 
I have often seen cysts in which some of the organisms stain intensely with the 
dye, and others in the same cyst which do not take the strain at all or do so only 
slightly. This suggests strongly that there are two forms of the parasite in the 
cyst, some perhaps dead, or dormant. 

This is further demonstrated in Figure 56. When we were able to isolate large 
numbers of cysts with ease, I gave a number of them to Mr. Lunde. He attempted 
to perform the dye test using the intact cysts instead of the usual proliferative 
form. I think that you can see here very clearly the individual organisms within 
this cyst. This is a microisolated cyst, and perhaps, Dr. Goldman, you can see 
these organisms at the periphery, which do not seem to look very different from 
the organisms Jying more towards the center. The most interesting finding for 
me was the fact that the methylene blue penetrated the cyst wall, yet not all of 
the organisms took up the stain. This is similar to our results with the PAS 
stain. I wonder if it is for the same reason. 

Prior to Dr. Goldman’s publication, it was considered likely from existing 
evidence that the organism divided by binary fission. When you see something 
like this, here in the upper left hand corner of the cyst at about 11 o’clock, it is 
very suggestive that in some instances division does take place in that way. 
We feel very fortunate in obtaining such a picture. 

Goldman: This is a wet preparation? 

Remington: A microisolated cyst, placed in saline. 

Lunde: And the regular dye test was performed, using the cyst instead of the 
proliferative stages. 

Goldman: Is there antiserum in that system? 

Remington: Yes, but I doubt that antibody penetrated the intact cyst wall. I 
have performed fluorescent antibody studies on microisolated cysts and have 
never found antibody to enter the cyst wall. Interestingly, the cyst wall does, 
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in some cases, stain with the fluorescein-tagged antibody. With sectioned cysts, 
the tagged antibody stains the organisms brilliantly. 

Lainson: This point may be of interest. I noticed that the individual organisms 
within the young cysts stained well, but a progressive cytoplasmic resistance to 
staining develops as the cyst increases in size. The nuclei stain well at all stages, 
however. This is using straight-forward Giemsa staining on dried films, fixed in 
methyl alcohol. 

Remington: I think this matter very important and Dr. Wanko may have 
some very interesting illustrations of this. He has performed electron microscopy 
of the intact cyst. 

Wanko: I have three groups of electron microscopically studied specimens to 
show. One concerns the Toxoplasma organisms as seen in peritoneal exudate; the 
second comprises encysted Toxoplasma organisms; and the third group may 
contribute some data to the discussion on the formation of the cyst and the 
cyst wall. 

It should be interjected here, that the organisms in peritoneal exudate belong 
to the RH strain and are studied 3 to 5 days after inoculation. The Beverley 
strain of Toxoplasma served for the study on cysts in mouse brain. Here, the 
subcutaneous inoculum consisted of 0.25 ml. of a 1:10 dilution of mouse brain 
homogenate containing cysts from a previous infection. All specimens are fixed 
with 1 per cent buffered osmium tetroxide and embedded in methacrylate or 
Araldite. 

In cells of the peritoneal exudate, the organisms of the RH-strain are seen 
arranged in groups inside the cytoplasm. Frequently, they are surrounded by a 
light zone which does not contain formed elements. This zone is the one dis- 
cernible configuration intervening between organism and host cell cytoplasm. 
The organism itself is enclosed by a continuous, single, dense membrane and is 
clearly distinguished from other material present by its organelles. They consist 
of submembranous fibrils, the conoid with toxonemes, endoplasmic reticulum, 
mitochondria, Golgi complex and nucleus (Fig. 57). 

The submembranous fibrils extend in a curve longitudinally under the cell 
membrane and converge at the anterior and posterior ends of the organism. In 
extracellular organisms, which usually exhibit an undulate surface, one such 
fibril is always located under the convex portion of the membrane. It could be 
speculated that these surface structures might have something to do with the 
screw-like movement of the organism. 

From the conoid, located at the anterior end of the organism, the club shaped, 
opaque toxonemes originate. They extend through the organism to various 
lengths and progressively increase in diameter toward the posterior end. 

In the intracellular organisms, endoplasmic reticulum with attached dense 
granules is seen irregularly distributed throughout the cell. Extracellular Toxo- 
plasma, on the other hand, exhibits an abundance of the dense granular material 
arranged in concentric rows. 

A few mitochondria are usually seen interspersed between the other cell 
organelles. The Golgi complex is always found in close association with the 
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Fig. 57. Toxoplasma organism in a cell of mouse peritoneal exudate. The following 
Toxoplasma cell elements are labeled: cell membrane (CM), submembranous fibrils (R) 
conoid (C), toxonemes (7'), nucleus (NV). Dense granules are seen diffusely dispersed in the 
cytoplasm. The nucleus is surrounded by a cisternal space. Approximately X 32,000 


nucleus, which often shows a concave indentation at this site. The nucleus i: 
enclosed by an opaque membrane and usually displays a few small clumps o! 
dense granular material in a rather homogenous nucleoplasm. In some instances 
however, dense material is concentrated in one section of a nucleus; in others 
it is distributed along the circumference. These nuclear configurations might‘ 
represent certain phases of cellular activity, since they are seen also in organism: 
which exhibit all cell elements in duplicate, but still are connected by a bridge o 
cytoplasm and enclosed by one common membrane. Such a configuration migh 
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represent a phase of longitudinal fission and is the only form of cell division ever 
observed in this study. 

Something might be pointed out here in reference to Dr. Goldman’s presenta- 
tion earlier, where he projected reproductions of electron micrographs from a 
paper by Ludvik. There, two daughter organisms were shown to be contained in 
one parent cell. However, from the reproductions, at least, the identity of the 
parent cell as a Toxoplasma organism seems doubtful. 

The encysted Toxoplasma organisms studied in infected mouse brain gener- 
ally exhibit the same morphological characteristics as those in peritoneal exudate. 
Some differences, however, seem to exist with regard to quantity and arrange- 
ment of certain organelles. For instance, the number of dense granules present 
in the cytoplasm appears smaller. The cistern of the endoplasmic reticulum is 
often seen to enclose the nucleus; and there might be more of the rib-like sub- 
membranous fibrils in the encysted forms. Furthermore, the shape of the organ- 
isms in section frequently is changed from an ovoid to a polygon. Other struc- 
tures, like toxonemes, mitochondria and conoid correspond to those seen in the 
organisms of the peritoneal exudate. 

In Figure 58 is seen the uppermost portion of the conoid in cross-section; it 
appears like a ring in certain planes. Here you see also the rib-like structures 
over a short distance. 

Goldman: Did you say you have no evidence of the conoid or the cone being 
perforated? 

Wanko: I said, of the cell being perforated. The cone might have a hole, or 
might be hollow but it is still inside the cell membrane. There is no communica- 
tion that we can see from the cell to the outside. 

There is one structure which is regularly seen in the encysted organisms and 
absent in the peritoneal form. It consists of vacuoles containing material which 
either is not fixed adequately or interferes with the polymerization of the em- 
bedding medium. This opinion is based on the fact that the content of these 
vacuoles usually sublimes during exposure to the electron beam. 

The cyst wall formation originally was planned to be studied on suspensions 
of isolated cysts collected by Dr. Remington with his micromanipulatory method. 
These specimens, however, presented difficulties in preservation, although they 
were still infective . . . is that right? 

Remington: Yes, that’s right. 

Wanko: Therefore, blocks of infected brain were searched for cysts and then 
sectioned serially when they contained relevant material. The best information 
on the production of the cyst wall is obtained from specimens where only a few 
organisms are contained in a host cell. Under such circumstances the outline of 
the host cell and the relationship of its cytoplasmic elements to the enclosed 
organisms can be determined. In the smallest cyst thus observed, three organisms 
were seen over a series of sections (Fig. 59). 

Remington: Is this the same brain we prepared that was chronically infected? 

Wanko: Yes, it was fixed 2 months after the inoculation. 

Remington: And there were only three toxoplasmas? 
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Fig. 58. Section through encysted Toxoplasma organisms in mouse brain. The individual 
organisms assume a polygonal shape and are separated from one another by an opaque 
layer. Many organisms exhibit the presence of vacuoles (V). The following configurations 
are designated: cross sectioned, anterior portion of an organism at X; submembranous 
fibrils in longitudinal section (arrows); opaque material concentrated in a nuclear sector 
(Y). A portion of the encapsulating wall is seen at C. Approximately X 7,000 


Wanko: Yes, three were observed, but one portion of the cell was not in the 
block. I would estimate, however, from the size of the cell, that it may contain 
maximally four organisms. 

The fine structure of the cyst wall which encapsulates the toxoplasmic popu- 
lation consists of opaque vesicular and membranous material. Its continuity 
with the rough surfaced endoplasmic reticulum of the host cell can be traced in 
many instances. The spaces between these capsular membranes are filled with 
material of medium opacity, which is continuous with a similarly opaque sub- 
stance between the cell membranes of the individual organisms. Sometimes, in 
instances when these encysted organisms are not very tightly packed, a layer 
of this slightly opaque substance is seen like a cuticle on the outside of the Toxo- 
plasma cell membrane. It is suggested, therefore, that the opaque material in the 
cyst wall is contributed by the Toxoplasma organism, whereas the membranous 
elements derive from structures pre-existent in the host cell. A sign of increased 
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cellular activity might be represented by the large amount of host cell mito- 
chondria encircling the cyst wall. 

The cell type in the central nervous system invaded by the organism is difficult 
to identify since the extent of possible changes introduced by the presence of 
parasites can hardly be determined. No definite relationship between vascular 
system and location of cysts could be established. 

Frenkel: Dr. Wanko, do you have sections of these stained with either silver 
or PAS or both? 

Wanko: No, neither. 


Fic. 59. This is a tangential section through two encapsulated Toxoplasma organisms (P) 
in the cytoplasm of a brain cell. The organisms are separated from the host cell cytoplasm 
by a layer (C) composed of vesicular and membranous profiles embedded in an opaque 
material. The adjoining host cell constituents comprise dense granules (G), and mito- 
chondria (M). Approximately X 32,000 
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Goldman: Do you think that the polygonal appearance of these cells in the 
cyst might be artifact, at least to some extent, as a result of the fixation and 
imbedding and cutting? 

Wanko: It seems not to be due to cutting. If this appearance is artifactual, it 
might be caused by uneven polymerization of the embedding medium; this still 
does not explain why all cysts are not similarly affected. The only correlation I 
can give is with respect to the size of the cyst. In the larger ones, there is usually 
no space between the organisms and this interposed, opaque material is very 
tightly packed, whereas in the smaller cysts there seems to be more space and 
the organisms appear rounded. 

Fair: Is not there an iron-globulin complex that can be used for tagging these 
antigens? 

Wanko: Ferritin coupled antibody? It might be applicable. However, the 
feritin molecule is rather large and might not penetrate the cyst wall, but it 
could outline the surface. For the individual Toxoplasma antibody would have 
to be prepared against isolated organisms, in order to avoid interference from the 
host cells. 

Fair: Would antigen from the organisms then tag onto the external cyst wall? 

Wanko: One could try that. 

Fair: We do not know with any degree of assurance what kind of antigen 
resides in the wall. 

Wanko: But the ferritin is a well defined molecule which can always be seen 
in the electron microscope. 

Halbert: Dr. Goldman told me earlier that he was planning to do some studies 
in which he would produce antisera against the free living, proliferative forms, 
and the encysted forms. One could then readily try to see whether there are, 
indeed, distinct antigens present in the cyst. 

Goldman: I said it would be a good thing to do. We will do it slowly, not 
tomorrow, but that is something we have in mind. 

Halbert: But, technically, it is quite feasible. 

Pinkerton: There is no relationship of the multiplying forms to the Golgi 
apparatus? No definite relationship? 

Wanko: No. The Golgi apparatus in the host cell seems normal, unchanged. 

Pinkerton: And the organisms do not concentrate in the neighborhood of the 
Golgi apparatus? 

Wanko: That is difficult to say, since so much of the cytoplasm is occupied by 
the cyst. It seems that all the remaining cytoplasmic material is pushed to one 
side. I would say that the capsule extends into the vicinity of the nucleus as well 
as the Golgi complex. The Golgi complex is always closely related to the nucleus. 

Pinkerton: It seems to me that I have noticed, in a few preparations, that the 
organisms are perinuclear in position. 

Wanko: Oh, yes. 

Pinkerton: How about changes in mitochondria? Are they at all striking? 

Wanko: In the host cell? 

Pinkerton: Yes. 
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Wanko: I do not have enough information on the changes in the host cells, 
really, to have an opinion on that. 

Leopold: Do you have any other cells that you prepared in the same media 
that show vacuoles? 

Wanko: No. 

Frenkel: Could there be glycogen in those vacuoles or do you find anything 
that looks like glycogen? 

Wanko: I think we must remember that free glycogen is never present in the 
tissue. It is always associated in a glycogen-protein complex. The only experi- 
ence I have with the glycogen-protein complex is in human striated muscle, 
where it looks different from this material. But this depends on the protein 
component. What we stain or fix with our method is most likely the protein 
component rather than the glycogen, and what we see is the scattering effect of 
the protein component; so it might well be that these are glycogen vacuoles, 
although there is no definite proof in my opinion that this is glycogen. 

Frenkel: Do you feel that organisms are separated from one another in that 
cyst, and is the liquid component within the cyst so electron-dense, that it is 
identical to the outside of the cyst wall? 

Wanko: Well, apparently, it separates the organisms from one another, whethe1 
or not you want to call it a separator; I think it is a matter of nomenclature. 
But, in most of the cases, this substance between the organisms is continuous 
with the cyst wall. 

Kaufman: Do you think that this substance, this gray homogeneous material 
between the organisms, is what protects the organisms from the effect of di- 


gestive juice? Did you ever see this gray material around proliferative organ- 
isms? 


Wanko: No. 

Goldman: We have had the impression that the organisms are imbedded in a 
gelatinous material because we have a smear stained with fluorescent antibody, 
where the cyst ruptured and there is a little spilling out. They look as though 
they are imbedded in something gelatinous. When you say that the dense 
material around the cells is continuous with the membrane, does the density 
reflect the osmium affinity of the material? 

Wanko: Not necessarily. The density reflects the ability of the specimen to 
scatter electrons. 

Goldman: Is that related to the osmium fixation? 

Wanko: To a certain degree, yes. But many things can produce a scattering 
effect. without being stained by osmium. It depends also on the interatomic 
distances in the substances. The term ‘‘osmophilic’’, therefore, is usually not 
regarded as representing the real circumstances. 

Goldman: I understood if material was fixed in formalin and not treated with 
osmium, you get a very transparent kind of image. You do not get nearly the 
detail that you get with osmium fixation. 

Wanko: To a certain degree and in certain structures, that is right, but you 
cannot always generalize. You have tissues where you get almost the same 
picture, with or without osmium treatment. 
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Maumenee: Have you looked at these cysts in formalin fixative? 

Wanko: No. 

Goldman: Have you tried other fixatives, such as chromate? 

Wanko: No. 

Goldman: I have two questions to ask. One, have you seen any of the U-shaped 
nuclei or the horse-shoe shaped nuclei that were shown by others? 

Wanko: No. 

Goldman: And the other question, you said that in those pictures I presented 
earlier, you did not feel that Ludvik’s point was proved. Why do you object to 
them? 

Wanko: In Ludvik’s picture, the organism which is supposed to contain two 
daughter cells does not display any characteristics by which we identify Toxo- 
plasma. 

Hogan: I believe it was Rodhain, who administered colchicine, which inhibits 
mitosis of Toxoplasma. He was able to show that Toxoplasma divided by longi- 
tudinal binary fission following mitosis, and he showed that the organisms 
divided, first, at the pointed end, then at the rounded end, and finally at the 
central part. 

Goldman: I have never seen that. It is very different from what is seen with a 
Giemsa stain. If you look at the pictures that I presented earlier, with the 
silver stain, and you ignore the anterior cone, then all you have is a picture of 
what appears to be a typical binary fission. The nucleus gets bigger, and pretty 
soon there are two nuclear masses. The nucleus pulls apart and the cell swells, 
and then, after a while, there are two cells attached to each other posteriorly. This 
is very characteristic. Then, they separate. The only evidence that something 
else has taken place is the fact that two internal organelles have formed where 
there was one before. 

Feldman: I have seen this, too, and they have always appeared to me as though 
the nuclei were going through a straightforward mitotic division and the cells 
divided longitudinally. The trick is in the way you prepare the material. I think 
one has to have conditions set up so as to get rapid multiplication of organisms, 
and the way we have always done this has been to take a fairly large inoculum 
of peritoneal exudate and put this into the brain of a mouse. If you give them 
enough, you can kill them in about 18 hours. They will die with an overwhelming 
infection. If you then take that brain, which is almost a mass of Toxoplasma, 
and do a simple impression smear on a slide, you can see all the divisions you 
want. In so far as I can see, it is a perfectly straightforward mitotic division, 
and you see cells in all stages of separation. 

The trick is to have rapid multiplication and a mass of parasites so you do not 
have to search very much. Other workers have used slowly multiplying parasites, 
which is probably a mistake. 

Kaufman: I think it should be pointed out that the studies by Dr. Goldman 
were on extracellular organisms—proliferative organisms outside of cells. Or- 
ganisms in this location do not usually divide and we would expect to see them 
in a dividing phase only if they happened to be liberated from a bursting cell 





TOXOPLASMOSIS SYMPOSIUM 747 


and were arrested in this state. I think it is important that this be confirmed on 
naturally dividing organisms within cells. 

Dr. Jacobs and I have done a few preliminary experiments with Protargol- 
stained organisms. As yet, we have not seen forms such as Dr. Goldman describes, 
but it may be that we have not looked hard enough. I do think it is important 
to study the organisms in their intracellular site during natural division. 

Remington: Since there are so many ophthalmologists present, I hope our 
eyes do not deceive us. Dr. Goldman’s pictures are very clear. I think that most 
of us, including myself, who have been unable to observe on our own prepara- 
tions what he has seen on his own—well, it is because we have not been able to 
reproduce his work. 

Goldman: I have seen Pulvertaft’s film on penetration and division, and also 
his paper. All you see, if you do not see the internal organelles, is a cell that swells 
and finally seems to split anteriorly and then down the center. How did you stain 
your smears, Dr. Feldman? 

Feldman: Wright’s stain. 

Goldman: The Romanowsky-stained nucleus looks quite different from one 
fixed in Bouin’s and stained with silver protein. The nuclei stained by the silver 
protein are very similar to those presented by Dr. Wanko—the several dense 
masses, with their usual one prominent mass. This is very characteristic, but it 
does not appear that way in either hematoxylin or in Giemsa. 

Feldman: I know they do not look the same, but let me reiterate one thing: 
our organisms multiply at the most rapid rate possible, so it is a different situa- 
tion from the other studies that have been done. You see, here there is maximum 
multiplication in the space of 18 hours. Actually, if you try to count the organ- 
isms, which I do by titration, it appears as though they would have to divide at 
very short intervals, perhaps an hour or so, in order to produce such numbers in 
that period of time. One must have a virulent strain, a large dose, and a very 
susceptible host, a dose sufficient to produce death in less than 24 hours. 

Remington: Do you think that there may be two types of divisions? 

Feldman: I do not know. 

Goldman: We counted the number of dividing stages in comparison with the 
number resting in peritoneal exudate. Fourteen per cent of the cells appear to be 
dividing. That is a fair number of division stages. 

We made extracellular preparations of our material deliberately. Peritoneal 
exudate was centrifuged slowly to throw down the white cells, and then the super- 
natant was taken and spun to throw down the free organisms. Whether division of 
Toxoplasma is different inside the cell is, of course, something that remains to be 
determined. 

Wanko: I might add one more thing. The ribs that were seen under the cell 
membrane of Toxoplasma were also found in Trypanosoma gambiense, which 
might interest the taxonomists, but it is the only similarity between those two 
organisms. Pneumocystis has been mentioned, and in my opinion its cyst wall 
looks very different from the one we see in Toxoplasma cysts. 

Lainson: Dr. Wanko, in light of your very beautiful pictures, would you now 
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be prepared to make some comment on your impressions as to the exact, or as 
near as you can, composition of the cyst wall in these objects that we are re- 
ferring to as cysts? I rather missed that. 

Wanko: In morphological terms, I would say that it consists of membranous 
elements and an amorphous, opaque substance. From the configuration of the 
cytoplasm around the cyst, the prominence of endoplasmic reticulum, which is 
in part incorporated in the cyst wall and which is known to be protein-synthesiz- 
ing, we might assume that at least a portion of the cyst wall is composed of pro- 
tein. The opaque substance which is also found between the organisms and in 
continuity with the cyst wall, might be contributed by the organism. 

Hogan: These electron photographs were made from cells removed from flying 
coverslips of retinoblastoma cell cultures, infected with the RH strain. After a 
certain period of culture, the nutrient fluids were removed, the coverslip removed, 
and fixed with osmium. The cells then were removed from the slide, dehydrated, 
eventually embedded in methacrylate, and sectioned. 

Figure 60 is a mouse peritoneal exudate provoked by Toxoplasma, which 
shows the cells in a fluid of this type—monocytes, eosinophils, etc., containing 
organisms. The cells contain from one to five organisms. 

Figure 61 is a monocyte, containing two organisms, and it can be seen they are 
very much like those shown by Dr. Wanko. 

The only reason for showing some of these pictures is to show that cysts do 
form in some of these cells (Fig. 62). The cyst wall is very similar to the one shown 
by Dr. Wanko. It has a dense granular wall and quite often one finds the vesicles 
of the endoplasmic reticulum incorporated in the inner part of the cell wall. The 
organisms within the cell wall are unaltered. They contain the identical vacuoles 
which were described by Dr. Wanko in brain tissue. 

Another view of the organisms shows that they contain very large mitochondria 
(Fig. 63). Figure 64 shows the pointed end of the organisms. The cytoplasm of the 
cell contains the usual components. Another organism is seen in cross section and 
the rib-like structures are apparent. 

Goldman: Do you have anything to say about the cell in the lower left, with 
the little pip sticking out? 

Hogan: We found a fair number of these organisms to have what I call an 
everted conoid. The conoid, instead of being depressed, as one might expect, in 
the cross sections, is everted. I think this represents the ring of the anterior end 
of the organism. In this particular organism, the conoid is projected outward. 

Figure 65 shows the opposite. There is a cross section of the ring at the anterior 
end, and the toxonemes are coming out from that ring. It looks hollow or open 
at the front end. There also is a longitudinal section of an organism with its nose 
against the cyst wall, the toxonemes extending back into the cytoplasm of the 
cell. They are supposed to extend back as far as the nucleus. 

A higher-power view of the conoid of an organism with its toxonemes is seen 
in Figure 66, adjacent to the cyst wall. Quite often, the innermost part of this 
cyst wall contains numerous endoplasmic vesicles. The front end of an extra- 
cellular organism showing the conoid is in Figure 67. We have never found an 
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Fie. 60. Mouse peritoneal exudate provoked by Toxoplasma. X 5,000 
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Fic. 61. Monocyte containing two toxoplasmas, RH strain. X 17,300. 


opening between the outside and the interior of the organism. As far as I know, no 
one has described an opening from the outside into the cytoplasm. I think the 
cyst walls shown here and the structure of the organisms in the cyst are identical 
with those found in the brain by Dr. Wanko. 

Goldman: Dr. Hogan, by the conoid, are you referring to the outside portion 
there? 











Fig. 62. Toxoplasmas in a cyst. C = cyst wall; CM = cell membrane; O = organelle; 
V = vacuoles; Tox = toxonemes. X 29,400 

Fia. 63. Toxoplasma containing large mitochondria. Mit = mitochondria; V = vacuoles; 
O = organelle. X 28,000 

Fia. 64. Cross sections and oblique sections of Toxoplasma within cells. C = 


= cyst wall; 
CM = cell membrane; Con = conoid; Tox = toxonemes; V = vacuoles; O = organelle. 
X 28,000 


Fig. 65. Longitudinal section and cross-section of intracellular Toxoplasma. C 


= cyst 
wall; Con = conoid; Tox = toxonemes; arrow points to conoid. X 49,000 
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Fig. 66. Intracellular Toxoplasma. X 126,900 
Fie. 67. Extracellular Toxoplasma showing conoid. < 91,000 


Hogan: Yes. I think the whole structure at the end would be called the conoid. 
Gustafson et al. described a cone, which is truncated with wide inner dimensions, 
and narrow outer dimensions. 

Wanko: We find that the distance between anterior end and conoid varies 
from one organism to another. Do you not see that, too? 

Hogan: Yes. 

Eyles: Dr. Hogan, were those cysts from the tissue cultures? 

Hogan: Yes. These were retinoblastoma cells containing the RH strain. 

Frenkel: Did they look different from the HeLa cells? 

Hogan: No, the same. 

Maumenee: Dr. Frenkel, in light of the above discussion, would you give a 
classification of proliferative and cystic forms of Toxoplasma organisms? 

Frenkel: In Table 3 are listed, more or less in chronological sequence, the 
authors who used or discussed terminology of growth forms of Toxoplasma. 
Levaditi was the first to use the term “kystes’”’ in French, for the forms in the 
brain. I think, from a historical point of view, this is, then, one main anchor 
point of the discussion: that forms in the brain have been given a different name, 
and they have been recognized as something different from the “intracellular” 
proliferative form. 

Weinman, next, doubted that the term “cyst” was adequate, since he felt 
that the cyst wall was contributed by the host and not by the microorganism. 
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Therefore, he coined the term ‘“‘pseudocyst.’’ As far as I recall, Weinman did not 
study or discuss tissue culture forms. 

The next investigator was Cross, who, in a study of Toxoplasma in the peri- 
oneal fluid of acutely infected mice only, stained the organisms among others 
with the Feulgen stain, and, recognizing that they do not look like cysts or pseu- 
locysts, called them ‘‘terminal colonies,” to signify the “terminal stage of leuko- 
-ytic parasitization.”’ She did not study chronic infections and therefore I do not 
think she considered the stages in the brain to which the term cysts and pseudo- 
cysts had been applied. 

Then, I came along, and felt that the term ‘‘terminal colony” was based on a 
confusion, feeling that the forms in peritoneal fluid had never been called pseu- 
docysts by Weinman. Instead, Weinman used some noncommittal term for the 
Toxoplasma, and so I thought it might be well to give them a different name, not 
to compound the confusion, and I used the term “proliferative forms” or “ac- 
tively proliferative forms’’ wishing to draw attention to their rapid multiplica- 
tion. I preferred the term “‘cyst”’ since I thought it was likely that the cyst wall 
was produced by the microorganisms. 

After seeing Dr. Wanko’s sections of cysts from the brain of mice, if these are 


TABLE 3 


Nomenclature used by various authors for growth forms of Toxoplasma 








Author and Reference 
Chronic 


Acute infection infection 


| 
In Animals In Tissue Culture 
| 


Acute infection Chronic infection 


Levaditi et al., Ann. Inst. | Intracellular | Cysts | Intracellular | Cysts 
Pasteur 43: 1063-1080, 1929 | toxoplasmas | (‘“Schi- | 
(‘*Tomontes’’) zontes’’) 
Weinman, J. Infect. Dis., 73: | Intracellular Pseudocysts 
85-92, 1943 and free toxo- | 
plasmas 
Cross, J. Infect. Dis., 80:| Intra- and ex- | 
278-296, 1947 | tracellular 
parasites, ter- 
minal colonies 
Frenkel, J.A.M.A., 140: 369- | Proliferating Pseudocysts 
377, 1949 organisms 
Frenkel and _ Friedlander, | Proliferative | Pseudocyst | Proliferative 
USPHS Publication No.| forms (or cyst) | forms 
| 





M1, p. 54, Washington | forms 

D. C., 1951 
Wanko, This meeting | Proliferative | Cysts | Proliferative 

| forms forms 

Hogan et al. A.M.A. Arch. | Proliferative Cysts | Proliferative 

Ophth., 64: 655-667, 1960 | forms | forms 
Lainson, Tr. Roy. Soc. Trop. | Pseudocystic Cystic phase 

Med. & Hyg. 52: 396-407, | phase 

1958 
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the cysts I would be almost tempted to go back to the term “‘pseudocysts,’”’ be- 
cause the wall appears largely contributed by the host. There is no real membrane 
visible there, although a membrane need not be distinguished by greater electron- 
density. 

As to tissue culture, I personally have seen only what I would call the pro- 
liferative form. I am certainly impressed with Dr. Hogan’s pictures, and I agree 
that on the surface, they would seem to be similar to what Dr. Wanko has found 
in the brain, which he called cysts. 

This is Dr. Wanko’s terminology: “proliferative forms’ for the peritoneal 
forms, cysts for the chronic forms; and he uses the same terms in tissue culture. 
He believes both are present. Dr. Hogan, I think also uses these terms. 

Now, the only problem is that of the real expert in our midst, namely Dr. 
Lainson, who put up a very cogent argument: if one names these organisms, why 
not use good protozoological terminology? He considers the ‘“‘cyst’’ as a definite 
stage and therefore uses that term for the brain form. In the peritoneal fluid, in- 
tracellular accumulations look like cysts, but really are not, and therefore they 
should be called ‘“‘pseudocysts.’’ Dr. Lainson uses these terms. He feels that they 
are protozoologically most cogent.* He has not studied the tissue culture form 
sufficiently to offer an opinion on it. 

I hate at this time to propose any change in nomenclature. I would prefer to 
avoid the term “pseudocysts” since Dr. Lainson and I would be discussing differ- 
ent stages by the same term. Maybe we could discuss this a little further with Dr. 
Lainson as to whether there might be a different terminology, a completely new 
one, on which we could agree, so that no duplication or confusion existed. It 
would be helpful first to have further data on the staining reactions by PAS and 
silver of the tissue culture forms. Also the use of fluorescein-tagged anti-Toxo- 
plasma and anti-y-globulin antibody could contribute to the definition of a cyst 
wall. 

There is one other thing. Dr. Wanko mentioned that perhaps in different host 
cells, different mechanisms participated in cyst wall formation. I would now like 
to call on Dr. Wanko and then Dr. Lainson to state whether this summary pres- 
entation corresponds to their views, or if they would like to add, subtract, or 
alter it. 

Wanko: I think these terms are sufficient for identification, at the present 
time. However, it is possible that one may have to modify them as other per- 
tinent information becomes available. 

Lainson: Dr. Wanko, do you still use the word ‘“‘cysts”? This brings us to the 
point of the definition of the word “cyst.” 

Wanko: By the term “cyst,” I would understand a structure which consists of 
organisms encapsulated by a common boundary which at the same time sepa- 
rates them from the cytoplasm of the host cell. Whether this is called cyst or 
pseudocyst or maybe even capsule, should be decided by protozoologists or zoolo- 
gists who are concerned with nomenclature. I would comply. 


* Lainson: Tr. Roy. Soc. Trop. Med. & Hyg., 52 (No. 5): 396-407, 1958. 
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Lainson: I feel that an exhaustive discussion on the subjects of cyst and pseu- 
docyst is getting somewhat away from the main topic of discussion, but I do 
agree with Dr. Frenkel that we ought to try to settle our terminology. 

I thought I had already made my own views on the cysts and pseudocysts quite 
clear in discussion that has already taken place. I hope I can avoid repeating 
myself too much here, but it seems inevitable. 

To many of you gentlemen, this may all seem to be a good example of hair- 
splitting. To a protozoologist, however, it is of fundamental importance. 

The term cyst in protozoology is applied to certain resistant structures pro- 
duced in the life cycle of very many organisms, particularly within the Sporozoa, 
among which group we find so many disease-producing parasites of man and 
other animals. I have attempted to define the term as “an investing, protective 
or resistant structure formed wholly or partly from substances secreted from the 
body of the organism, as distinct from the normal limiting membrane of the 
living cell cytoplasm. Under this definition, as long as some part of the limiting 
capsule is produced by the organism(s), the structure is still to be regarded as a 
true cyst, even if the larger bulk of it is contributed latterly from another source 
(e.g., by the reaction of surrounding host tissue in the case of Sarcocystis).”’ 

A pseudocyst I defined as “any structure surrounding an organism (or 
organisms) which may simulate a true cyst but never includes any product of the 
contained organism(s).”’ 

In almost all cases cyst production is an integral part of the parasite’s life 
cycle and is intimately concerned in the reproduction and transmission of the 
protozoon. It is of some importance, then, to gain some knowledge of the biology 
of such cysts to elucidate the organism’s spread in nature. 

If we can agree on the two terms I have just defined, then the next step is 
merely to try and apply them to what we know of the life cycle of Toxoplasma. 

We can agree, I am sure, that there is a definite, initial phase of development 
when pseudocysts are produced—.e., temporary, intracellular masses of dividing 
toxoplasmas which are only bounded by the host cell membrane. These irregular 
masses soon rupture out and the parasites invade new cells. This, then, is the 
pseudocystic phase under the definition just given. 

What of the cysts? 

The development and morphology of these has been fairly extensively studied. 
They are formed later in the infection, may persist for years, and have all the 
characteristics of a protozoal cyst, namely a spherical refractile body of constant 
shape and which can withstand considerable trauma. How do they comply with 
the definition of a cyst? Is all or part of the capsule produced by the parasites 
within? 

I have given descriptions of the development of the cysts elsewhere, and do not 
intend to repeat them here. Suffice it to say that I have concluded that the para- 
sites do contribute to the surrounding capsule and that the body comes within 
my definition of a protozoal cyst. 

Dr. Pinkerton is obviously bothered by my not attaching much importance 
to whether the cysts develop inside or outside the host cells. I might remind him 
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that the oocyst of a coccidian such as Eimeria is intracellular in development, 
whereas that of the malarial parasite is extracellular. Furthermore, the oocyst of 
Eimeria appears to be derived solely from the parasite, whereas that of the ma- 
larial parasite is formed partly by the parasite and partly by the elastic membrane 
lining the mosquito’s stomach. Similarly the cyst of Sarcocystis appears to be 
largely made up of material from the host tissues: some material is provided by 
the parasite, however, and we can safely use the term cyst. 

The deciding factor, then, is whether or not some part of the Toxoplasma cyst is 
produced by the parasites (and I think this covers your point, Dr. Frenkel, when 
you said that you were almost tempted to go back and say they are pseudocysts, 
because the membrane is largely contributed by the host). 

Dr. Hogan’s beautiful demonstration seems to support my suggestion that 
part, at least, of the Toxoplasma cyst is produced by the parasites. At 
the moment, it is true, we must interpret the development in tissue culture with 
caution: can we expect the development to be re-enacted exactly as it is in the 
host’s body? It is a very different medium. A careful comparison of Dr. Hogan’s 
findings with the electron microscope studies of Dr. Wanko is indicated. 

In Dr. Wanko’s work we appear to have evidence that host cell products play 
a large part in the formation of the cyst (as in the case of Sarcocystis). However, 
it does seem, Dr. Wanko, that some definite contribution is made by the para- 
sites as well, or do I misunderstand you? 

Wanko: Yes, it seems that way, but for definite proof, one must wait for the 
development of new methods. To say that the organism might contribute, I 
think that is as far as we can go. 

Hogan: In defense of the tissue culture studies, if there were large discrepancies 
between Dr. Wanko’s and my findings, we could doubt the result. Also, if there 
were large discrepancies between the results of cultures of so-called low-virulence 
organisms (CE-113, the MF strain, and the J-2 strain) as compared to virulent 
strains there would be doubt. We were able to produce cysts with any one of these 
strains. It is a matter of how rapidly the cyst is formed in the cells. The virulent 
strains produce them later, and the less virulent ones produce them earlier. I 
think this work correlates quite well with your animal studies on cyst formation, 
so I cannot see any discrepancy. 

Lainson: The avirulent strains of Toxoplasma appear to be far more common 
in nature than the virulent ones. One expects this to be so if the parasite is to 
survive. It would seem, therefore, that we are far more likely to arrive at the 
true sequence of events in the parasite’s life history if we base our studies on such 
strains. 

Unfortunately by far the greater part of the work has been done using highly 
virulent and, to my mind, aberrant strains (particularly the RH strain). They 
have been subjected to repeated syringe passage over many years, or to treat- 
ment with drugs. Both such treatments, we know, can evoke startling changes i 
the behavior of parasites in general, and we should at least be moderate in ou! 
interpretation of our studies when using them. 

I feel this is the direct cause of much of the confusion surrounding the inter- 
pretation of pseudocyst and cyst. 
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In many cases the infection of animals with highly virulent strains results in a 
picture complicated by violent host tissue reactions and the general effects of an 
unbalanced host-parasite relationship. 

Sometimes the animal may die before the parasite can establish its cystic phase 
(the straightforward RH strain in mice) and only pseudocysts are found in the 
tissues; sometimes the host may manage to survive a little longer (drug treat- 
ment or minute inoculum of parasites) and a mixture of pseudocysts and young 
cysts are found at autopsy. Finally, the host may survive for a long time (drug 
treatment), sharing an unhappy relationship with the parasite which possibly 
results in recrudescences of pseudocystic stages intermingled with cystic forms. 

All this contrasts sharply with the development we have already discussed in 
connection with the well adapted or avirulent strain of Toxoplasma. 

Goldman: I am a little surprised that nobody here has taken advantage of the 
fact that Toxoplasma is not the only organism of its kind in the world but is 
merely one of a group. No matter what anyone would think about its relationship 
to, say, Sarcocystis or some of the others, I do not think anyone could doubt its 
close relationship to Besnoitia. Yet, in Besnoitia, there is no question that there 
is a cyst stage. That cyst wall is very thick, very definite, and there is just no 
question about its being simply the stretched membrane of an infected cell. 

By analogy we can take advantage of the similarities between the two or- 
ganisms and point to the cyst stage of Toxoplasma as being a similar structure as 
the cyst stage of Besnoitia. I am really a little amazed that there should be much 
question about it, considering how similar they are in other ways. 

Furthermore, in talking about how to prove that something is or is not para- 
sitic, I think that we should not ignore some of the tools like the fluorescent anti- 
body procedure, which is an immunochemical tool which makes it possible to do 
an immunological reaction on a section or a smear. Figure 16 shows a Toxo- 
plasma cyst in a section of mouse brain stained with fluorescent antibody. 

It seems to me quite clear that this is very fluorescent, as are these organisms 
inside the cyst, and there is nothing in the outer brain tissue which is even re- 
motely similar to this type of membrane. Assuming that this staining can be sub- 
jected to the controls for specificity I wonder what else would be required to 
prove that this is parasite material, since we generally think of the anti- 
genic or immunological reaction as being the most specific type and the most 
subtle type of identification of protein or parasites or living organisms. 

Feldman: I would like to mention just a couple of things. I have felt somewhat 
disappointed as the day has gone on. In August, 1959, there was a meeting in 
Copenhagen attended, I believe, by some 14 representatives from 10 different 
countries. One of the simplest items on the agenda, it turned out—in 
fact, I should say one of the few on which it could be said that both East and 
West, in terms of political separations of the world, were in complete and whole- 
hearted agreement, and which was dispensed with without further discussion— 
was the place of Toxoplasma in the sun. Professor Garnham was there, Professor 
Zasuchin from Moscow, Professor Simitch from Yugoslavia, and Professor 
Jirovec from Czechoslovakia, and so on. All agreed, without any discussion, that 
Toxoplasma was a member of the Protozoa. This was voted on, and I can say 
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that this is probably the only instance in recent years where there has been an 
unanimous vote by East and West on any question whatsoever. 

I see that decision being threatened here, and this upsets me a little bit, because 
the implications for the world beyond this room may be rather great, and, per- 
haps, somewhat more than even we can cope with. I would therefore propose 
that until other data become available, it be the sense of this meeting that we 
agree to disagree, until the millennium comes to pass. 

I think that we actually will not solve this problem here, and it tends to take 
us off the mainstream of discussion, for this particular meeting. It is of interest to 
some of us, but I think each side has marshaled some very good and solid and im- 
portant data. Now, which of these data represent truth and which do not is 
always settled by time. All of us are humble enough to accept that verdict in due 
course. 


EPIDEMIOLOGICAL ASPECTS OF TOXOPLASMOSIS 


Harry A. FELDMAN 


Department of Preventive Medicine, State University of New York, Upstate Medical 
Center at Syracuse, New York 


As I view it, the problem for discussion may be divided into three component 
parts: firstly, the epidemiology of toxoplasmosis per se; secondly, the epidemiol- 
ogy of uveitis; thirdly, whether these two may be correlated so as to permit us 
to discern a causal relation between them. Insofar as the epidemiology of toxo- 
plasmosis goes, there now has been accumulated more than sufficient serological 
evidence to indicate that infection with this parasite exists throughout the world. 
There is some suggestion that in the very cold climates there is less of this than 
in the more temperate and tropical areas. However, the frequency of infection 
varies markedly in different areas which makes it incumbent upon us to define 
the place in which a particular study has been conducted. As most of you know, 
we have performed serological surveys among a variety of population groups, 
ranging from people living in Tahiti, to others residing in Honduras, Haiti, and a 
number of American localities. The least amount of serological positivity that 
has been turned up in these studies has been among Navajo Indians living in 
Arizona. The greatest amount, has been among people living in Tahiti. There is, 
approximately, a 15-fold difference between the number of positives detected 
among the Navajos and Tahitians. This is most significant. 

It is not necessary for us to consider in detail at this time every serological 
survey that has been performed, although similar data have been collected from 
a number of other areas such as Scandinavia, England, and various parts of 
Central America. The important points are, that the parasite has been found in 
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almost all parts of the world and that people with antibodies have been identified 
throughout the world, but differences in rates of positivity may be noted from 
place to place, even within the confines of a single country. Therefore, one should 
not reason too much from one area to another or, more importantly, use control 
data obtained in one place as the basis for comparison with test material derived 
from individual cases in other places, whether they be from the same or other 
countries. 

When we turn to uveitis, it is immediately apparent that there is a great pau- 
city of information. This is one of the great research gaps in this field. Although 
there are many outstanding clinics that have been concerned with uveitis for 
many years, each has collected information from a large number of patients but 
there is almost no way in which to analyze these data in order to arrive at some 
reasonable impression of the prevalence of the disease in any one place, let alone, 
to compare several places. 

We have attempted such a study in Syracuse, New York, using a random 
sample of the ambulant population. Approximately 3000 individuals (800 plus 
families) were interviewed several years ago. A good deal of general information 
was obtained but the basic purpose of the inquiry was to determine whether or 
not they had ever had uveitis. About 800 of them were skin tested with Toxo- 
plasma antigen and bled for dye and complement fixation serological studies. 
Of these, 9 per cent were skin positive, 11 per cent had positive complement- 
fixation and 34 per cent had positive dye tests. 

One of the important deficiencies of the skin test is illustrated by these results. 
We had carried out a somewhat similar skin survey in Syracuse about 5 years 
previously. At that time we found 39 per cent of the test population to be positive, 
more than four times as many as were detected in the recent study. The principal 
difference was that different lots of antigen were employed and there is, as yet, no 
satisfactory way to standardize this material. 

For control purposes, information on other eye diseases was collected: the 
presence or absence of cataracts, the frequency of conjunctivitis, sties, etc. This 
experience was quite revealing. As one might have anticipated, cataracts occurred 
almost entirely in people over 50, although an occasional case was reported in a 
younger person. In fact, in the group above 60 years of age, 8 per cent of the 
respondents said that they had had one or more cataracts. On the other hand, 
the reported incidence of uveitis was exceedingly low, amounting to 0.2 per cent 
of the total population. This small number was not clustered in any age group 
but was distributed indiscriminately. 

By chance, 5 of the 7 persons with uveitis happened to be included in the group 
that was skin tested and bled for serological studies for toxoplasmosis. Although 
this number is quite small, the data are very interesting. Each one of these in- 
dividuals had at least one positive serological test for Toxoplasma antibody. 
On the other hand, among those with cataracts, none of 14 had a positive skin 
test, one of 12 reacted in the complement-fixation reaction and 3 out of 10 had 
a positive dye test titer. These results are equivalent to those found in the popu- 
lation at large. One of the disturbing aspects of the 5 cases of uveitis that were 
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encountered in the members of the general population who had been bled, was 
that 4 of them had bilateral eye disease. This is usually true of the eye disease of 
congenital, but not acquired, uveitis. Therefore, it is possible that, by chance, 
we detected 4 residual cases of congenital toxoplasmosis. 

Beginning with this normal population study, we began collecting cases of 
uveitis on referral from local ophthalmologists. They and their families are being 
studied by the same questionnaire that was applied to the normal population 
but, in addition, all of the patients are skin tested with Toxoplasma antigen 
(same lot) and bled for dye and complement fixing antibody tests. We have also 
measured hemagglutinating antibodies in a substantial number. While not all of 
the measurements have been completed, they may be compared with the norma! 
population which is being used for reference purposes. It appears that Toxo- 
plasma antibodies occur more often in this group than they do in the norma! 
population but a substantial number is negative in all test systems. Other sero- 
logical reactions such as latex fixation and antistreptolysin-O determinations 
are similar in persons with eye disease and normal persons. 

Thus, we have here a study of the prevalence of uveitis and of various anti- 
bodies, especially those to Toxoplasma, in the normal, ambulant population of a 
single community. This provides the back-drop against which cases of uveitis 
are being examined in the same community. In this way, we hope to eventually 
bring the two problems together to define the relationship between them. It 
would be most helpful if other investigators were motivated to conduct similar 
studies in their communities. It would seem especially worthwhile if these were 
carried out in areas of the two extremes; that is, in areas where there is little 
serological evidence of Toxoplasma infection (for example, the Navajo Indians 
or Iceland) and in others, where there is evidence of a great deal of toxoplasmosis. 
At the very least, this would permit us to determine the degree to which the 
uveitis problem differs when the occurrence of toxoplasmosis varies. Laborious, 
painstaking studies such as these, eventually should help us to arrive at a 
reasonable understanding of both the problem of toxoplasmosis and the possible 
related problem of uveitis. This then would make the probability of devising 
means for their prevention or cure much more likely. 

Frenkel: Would you clarify this, please? Does the lack of correlation apply 
only to the skin test reactions or also to dye test, the complement fixation (CF) 
and hemagglutination reactions? Or have you utilized in this study only the skin 
test and the CF test? 

Feldman: Only the last two. I think this illustrates the unreliability of the 
skin test. I get rather upset when I see categorical statements of its usefulness 
or nonusefulness. 

The other thing is that we have never seen a positive skin test in an individua! 
whose infection could be dated and who had been infected less than 1 year 
previously. It is quite unlikely that it occurs even at 1 year, but, again, this 
may be a reflection of one antigen as opposed to another. In our hands it ha: 
required a year or more for a positive skin test to be acquired: so, if one does 
get a positive skin test, one can probably say that infection is at least a year o1 
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nore old. A negative skin test in no way should imply that the individual has 
had no previous experience with this parasite. It does not mean that at all. 

Frenkel: Would you tell us exactly, how did you find out whether they ever 
had uveitis? Did you ask them, “‘Do you have uveitis?” or did you ask them for 
signs and symptoms, or did you examine their eyes? This is important. 

Feldman: Each individual was asked whether he had ever had his eyes treated 
by a physician. Then, he was asked what the diagnosis had been. We have data, 
incidentally, on sties and conjunctivitis and other things which were collected 
at the same time, but that is another problem. Then, we asked the name of his 
ophthalmologist with whom we got in contact for verification of the diagnosis. 
In addition, each individual had a funduscopic examination. In other words, a 
physician went to the home and looked at the fundi in the house. 

Frenkel: You did ophthalmoscopic examinations on 3000 patients? 

Feldman: Oh, no, only the 801 who were bled. 

Frenkel: So if the patient said he had some sort of eye disease, then he had a 
funduscopic examination. 

Feldman: No, everyone who was bled had a funduscopic examination regard- 
less of this. The other persons were done by history and then by contact with 
their ophthalmologists for his diagnosis. 

Remington: I am sorry, but I did not follow one thing. The 0.2 per cent you 
mentioned— 

Feldman: By history, in the normal population, it would seem that 0.2 per 
cent of the population has uveitis. Therefore, in a county with 350,000 population, 
there ought to be about 700 cases. What we really need desperately are studies 
similar to this in other areas; especially in areas where there is either very little 
evidence of Toxoplasma infection serologically or in others where there is a 
great deal. It would be very nice if Tahiti, for example, could be studied in 
contrast with the Navajo Indians or something of that sort. But I think we need 
such data in order to develop a deeper understanding of this problem. 

Kaufman: We recently analyzed the charts of 200 patients at the National 
Institutes of Health, including 100 consecutive patients who had positive dye 
tests.* With our skin test antigen, we found that between 90 and 95 per cent of 
patients with positive dye tests in any titer had positive skin tests, and that of 
100 patients who had negative dye tests, only 1, a patient with generalized 
eczema, had a positive skin test. 

Hogan: What were your criteria for positive skin test? 

Kaufman: This is an important question because our criteria were not as 
rigid as yours. We accepted any swelling or induration that was different from 
the control as being positive. 

Feldman: Anyone who deals with many skin tests would not accept this as a 
proper criterion. 

Kaufman: In addition to this, our skin test antigen was different. It was 


*H. E. Kaufman: Uveitis accompanied by a positive Toxoplasma dye test. A.M.A. 
Arch. Ophth., 63: 767-773, 1960. 
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prepared by Dr. Jacobs, and each batch of it was tested, as I understand it, on 
Dr. Jacobs or Mr. Lunde. Even testing on guinea pigs was not adequate. 

There are several ways to explain our differences in results. First of all, our 
antigen was different. It was a mouse antigen and it was standardized for human 
reactivity. Since the antigenic component responsible for the skin test is probably 
different from the antigenic component responsible for the complement fixation 
test, the effective antigenicity for the two tests may not be parallel. In standardiz- 
ing against the complement fixation test, you may be weakening your skin test 
antigen to the point where you eliminate reactors. 

Feldman: May I just say something right here? I do not think that this is 
adequate because I can take our test and get 100 per cent positives. I will be 
positive every time. But this has no meaning. All it tells us is that the test as we 
use it is positive on me. You see, this is not standardization, and the fact that 
it is positive on me and positive on Mr. Lunde does not mean anything more 
than that. 

Kaufman: These were patients with positive dye tests. What I am getting 
at is that we increased the sensitivity of our skin test both by “‘beefing up” the 
antigen and by making our criteria less exacting and yet the specificity was 
maintained. The diagnostic value of the test appeared to be increased con- 
siderably in that we found such a good correlation between dye test and skin test, 
and yet our incidence of false-positives was negligible. Although these are not 
the criteria used in most skin tests, I wonder whether it might be valuable to 
change. 

Remington: I should like to mention certain data from a series we recently 
studied at the student health hospital of the University of California in 
Berkeley.* We performed the dye test on sera from about 300 students; 23 per 
cent of them under the age of 25 had a positive dye test at the level of 1:16 or 
greater. About 60 per cent of these had positive skin tests. In no case did we 
find a positive skin test in a student with a negative dye test. We used a mouse 
spleen control antigen with each skin test and did not find a positive control in 
this series. 

Feldman: Which antigen was it? 

Remington: Antigen prepared by freezing and thawing mouse peritoneal 
exudate. It was prepared in Jacob’s laboratory. 

Feldman: So you had negative skin tests in persons with antibody. 

Kaufman: What were your criteria for positivity? 

Remington: We use the same criteria for the Toxoplasma skin test as is used 
for the tuberculin test, that is, 5 mm. induration in 24 to 72 hours. This is another 
matter which I hope may be agreed upon by all those using this antigen prepa- 
ration so that we may have some standard to compare our results. 

It seems apparent to me that the efficacy of skin test material can be best 
evaluated by its sensitivity and specificity. It is our purpose to recognize as 
many cases of toxoplasmosis as is possible. If one can prepare an antigen which 


* J. S. Remington, C. G. Barnett, and M. Meikle et al.: To be published. 
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will define a large percentage of uveitis cases which have been exposed to Toxo- 
plasma, it is much to be preferred over an antigen which is weak and thereby of 
little use. Admittedly, the final answer to this will be the preparation of a stand- 
ardized antigen agreed upon by all of the workers in this field. Dr. Feldman, I 
think that one of the difficulties is that the antigen you used is somewhat weaker 
than our own. If you increased its antigenicity you would increase your number 
of positive cases, and I think this could be accomplished without sacrificing 
specificity. 

Feldman: In the first skin test survey that Sabin and I did, we demonstrated 
that one third of the people with negative skin tests had serum antibodies, 
sometimes in high titer, which is exactly the figure that you have there. I would 
say, then, that your antigen was not any more powerful (if that is the proper 
term) than ours. The problem is not in making a more powerful skin test. We 
can do this with any antigen. We can put plenty of slop in it and it will produce 
a bang of some kind in the skin. That is not the trick. The trick is to have a 
test which is perceptive and not misleading. 

Remington: In the work you just presented, you did attempt to standardize 
the antigen, and perhaps your method will be a satisfactory one. 

Feldman: Obviously. 

Remington: But it may work if you use a higher titer. 

Feldman: We are still trying to find other means of standardization, but the 
point is, we do not have any right now. I would like to ask you one question; 
that is, have you seen any eye patient who has gotten into difficulty with a 
“nowerful” skin test? 

Fair: No. I use a very powerful skin test. In my ignorance, I used a raw 
antigen. I use mouse peritoneal exudate and dilute it 100 times, and I have a 
correlation of 94 per cent with the dye test in my series of cases. I no longer use 
it. 

Hogan: What criteria do you use? 

Fair: I no longer use a control. I did, for many years, and I never saw a 
positive reaction at the site of the control injection. I use induration 
and erythema, and I do not draw the line at 10 mm. 

Hogan: Suppose there were 1 mm. induration and erythema? 

Fair: No, you can get that simply from the trauma of the needle. Nothing 
as small as that, but 5 mm. and up. 

Feldman: You see no exacerbations with this? 

Fair: I get some very good reactions with this antigen. I have compared it 
with Jacobs’ antigen, and there is a very good correlation. It is simply a matter 
of degree of reaction. I tested 1000 inmates in state schools for mentally retarded 
children, and 11 in state schools for blind children. They had something the 
matter with them, but there was no difference in the frequency of positive skin 
tests. 

Dr. Feldman still has not told us whether his 5 cases were anterior or 
posterior segment inflammations. 

Feldman: Do you know why I have not? Because I cannot get the ophthal- 
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mologists to make this differentiation for me. No two of them say the same thing; 
that is our problem. This is why there are so many crude data. We have, for 
example, one man, perhaps the most able man in our area in some respects, 
certainly a man of real ability as an ophthalmologist, who simply refuses to 
make this differentiation. 

Fair: It certainly requires not only expertness but a real interest in the 
problem. I think I like to compare uveitis with cerebral palsy. “Cerebral palsy’’ 
is a nonspecific term which simply means nonprogressive brain damage in 
children. You certainly could not study cerebral palsy from one standpoint or 
at any one time. You really must learn to differentiate these uveal inflammations 
when you try to connect them with Toxoplasma. 

Brooke: This discussion on the variation in reactions to the skin test reminds 
me very much of a similar discussion that is going on now with regard to inter- 
pretation of the skin test in schistosomiasis. The World Health Organization 
(WHO) is very concerned about this. There are so many variations in the re- 
ported results that it is practically impossible to compare one area with another. 

Dr. Irving Kagan on our staff is particularly concerned with this at the present 
time. He recently returned from a field trip to Brazil, where he was using various 
types of antigens and found quite wide variations in the reactions. But, when 
he was able to adjust the nitrogen in these antigens, then he obtained very 
comparable results. 

I was wondering, with regard to the differences in your results in Cincinnati 
and Syracuse, on what basis were these two antigens standardized? You said 
that they were standardized. 

Feldman: I am pointing out the inadequacies of the method of standardization. 
We attempted to standardize them by seeing to it that they had the same amount 
of CF antigen. We just took that arbitrarily as a way of getting at the antigen 
content. Apparently, this is not sufficient. I would like to point out, too, that 
the people in the field of tuberculosis are having their headaches, also. It is 
possible, again, to “beef up,” if you will, tuberculin to the extent that you get 
100 per cent positives in any population. You can also dilute it down to where 
you get no positives, except in persons with frank tuberculosis but even there, 
there is considerable variation. We prided ourselves for many years on the fact 
that we could standardize old tuberculin, purified protein derivative (PPD), 
etc. Now, there is considerable discussion as to just what is an adequate skin 
test antigen. We are not alone. 

Perhaps, we are in greater difficulty in that we are still not able to measure 
and categorize our antigen. They can do this with tuberculin. Yet, in the final 
analysis, they are not much better off than we are. 

Sitm: Now, realizing that we are using for this skin test either an extract of 
mouse peritoneal exudate or an extract of infected chorio-allantoic membrane, | 
should like to ask if you think there is any risk involved in using such an antige! 
for intracutaneous injection? I do not like to use these skin tests with foreign 
protein antigens, especially when testing children. I should like to hear you 
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pinion with regard to the problem of sensitizing children with mouse or chicken 
proteins. 

Feldman: We were frightened originally—well, not frightened, but a little 
hesitant, because when we first did these on ourselves, two of the volunteers 
became quite ill. They had very markedly positive skin tests and developed very 
marked systemic signs that evening—that is, fever, headache, and some 
somnolence. Because of this, we worried about skin-testing pregnant women. 
We thought that this might induce spontaneous abortion were we to get systemic 
reaction. 

Actually, I have not seen anything like that. Insofar as I can tell, we are no 
worse off with this than with any other intradermal egg antigen. Certainly, we 
have used a good deal of intradermal antigen in the form of “flu’”’ vaccine, for 
example, although that is made from allantoic fluid. 

Stim: At any rate we have not used the skin test and this is with the full 
agreement of our pediatricians and allergists. 

Feldman: I am totally disenchanted with this test. I am again trying to 
point out that I am unhappy to see anyone place any great reliance on it. I think 
it is so unreliable and so limited in its usefulness that it really is not worth the 
trouble. 

Remington: Except when it is positive. 

Frenkel: You mean you just use it to demonstrate that it is not very good? 

Feldman: No, I do not say that. 

Frenkel: Then why do you use it if you do not think it’s any good? 

Feldman: We are studying it and, on the basis of the studies, I am inclined to 
say that it is not very good. That was not the original supposition. 

Lunde: I wonder if it might not be possible to try to standardize the skin test 
antigen on a total protein or nitrogen content basis, from Toxoplasma suspension 
which has been washed and filtered to get a relatively cell-free suspension of 
Toxoplasma, so that you do not have a lot of mouse protein material in it? 

Another comment I would like to make is that in my own particular case, the 
last CF test which was done at Walter Reed was doubtfully positive in a 1:4 
dilution. This was 5 years after infection. The skin test is still markedly positive. 

Remington: In the series I mentioned previously, run at the University of 
California, one of the criteria we used for ruling out the diagnosis of acute infec- 
tion was the skin test. I believe that this is also used by many ophthalmologists 
as a screening test for the same purpose. If we found an acutely ill person with 
a very high dye test titer and a positive skin test, we would not consider that 
case an acute infection. 

Feldman: How do you know that this was not a person who would fit into 
that one third with negative skin test but with serum antibodies? The entire 
group, you mean, is made up of new infections? 

Remington: I am just taking that one individual, and I refer only to a case 
such as that mentioned. I think that the finding of a positive skin test definitely 
rules out acute disease, or perhaps it is better wording to use the phrase “recently 
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acquired infection” since, admittedly, the patient may be suffering from an 
exacerbation of the disease, which I cannot rule out. 

The earliest appearance of a positive skin test in an acute infection that has 
appeared in the literature is that of Frenkel’s case.* She had a positive skin test 
4 months after the laboratory accident occurred. One of our cases converted from 
negative to positive 5 months after the acute illness and Mr. Lunde’s skin test 
did not become positive until almost 2 years after his laboratory accident. 

Hogan: This could be a recall. 

Remington: Then it is not an acute case. 

Hogan: My only comment was that I think you should qualify the word 
“acute’”’ because this patient could have had a previous infection and then, for 
some reason, had a recurrence of that infection. 

Remington: Oh, I agree. 

Hogan: In this case you could have a positive skin test, high dye test titer, 
and still have an acute case. 

Frenkel: You mean, recurrence of generalized infections? Is that what you 
are speaking of? 

Hogan: An acute infection. 

Frenkel: In the eye? 

Hogan: A general infection, or eye, either one. It happens both ways. 

Frenkel: No, I think he was talking about generalized infections. I do not 
recall having heard or seen any recurrent generalized infection, unless in a patient 
with a lymphoma treated with x-ray and cortisone and so on. 

Hogan: That is what I was referring to. There is one report by Sabin, in 
which a patient developed pneumonia, associated with a recurrence of toxo- 
plasmosis. 

Feldman: That was a man by the name of Latham, whom I studied, with 
histoplasmosis, but we never understood what happened to his Toxoplasma 
antibody levels. 

Goldman: | have just a few odd comments here, concerning the standardization 
of the skin test, to add to what Dr. Brooke said about Kagan’s work. He also 
found a difference in the size and type of the reaction, whether the individual 
was tested on the back or on the forearm. I do not remember now whether his 
figures showed positives in one case and negatives in the other, but, certainly, 
there were differences in size of the induration. They were measuring them quite 
carefully, and there was a distinct difference in his groups, depending upon where 
they were tested. 

As to standardization of the antigen, we are just beginning to do some agar- 
gel diffusion studies of peritoneal exudates, and it already seems to be the case 
that the different exudates from different mice will not give the same lines with 
the same antiserum, the same hyperimmune serum; so there is, I believe, a 
potential tool in standardizing antigen, or, certainly, in studying an antigen. 

Then, just some further odd remarks. The results in the Navajo Indians that 


* Frenkel, J.: J. A. M. A., 178: 1471, 1960. 
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Dr. Feldman has shown—I do not know that there have been any other published 
studies of people in this area, but we did serologies and some other examinations 
on Indians a few years ago, Indians from various reservations, including those 
in the Southwest, and we found a similar low incidence. I do not remember 
exactly what it was, but it was a low incidence in people in Arizona and New 
Mexico, in the Indian population. 

Concerning the persistence of the CF titers, there has been a recent publication 
which I would like to call to your attention, “Studies on Toxoplasma in Queens- 
land.”’* The authors came to the conclusion, on the basis of the statistics of the 
age distribution of their findings, that the CF titer did not disappear as quickly 
as it had been considered to disappear previously, but that it lasted, perhaps, 
half as long as the dye test titer—this on the basis of the cumulative incidence 
in different age groups, which, I believe, tends to go along with what Dr. Feldman 
was saying. 

Maumenee: Has anyone done any other studies on incidence of Toxoplasma 
in very dry areas? From what we heard this morning, this organism can be trans- 
mitted after a long period of time if the contaminated tissues remain moist. 

Brooke: 1 would like to comment on that, not that we have done any more 
serological work than Dr. Goldman has already mentioned, but we did examine 
stool specimens and cellulose type preparations from these Indians in New 
Mexico and Arizona. Whereas we found high prevalence rates of intestinal 
Protozoa and Enterobius vermiculoris, we found no infections with the intestinal 
nematodes which require development periods in the environment. I think this 
may have some bearing on what Dr. Beverley was mentioning earlier. If the 
widespread dissemination of the organisms in the environment is important in 
the transmission of toxoplasmosis, the dry desert conditions in the southwest 
may have some relationship to the low prevalence of serological positives among 
the Indians. 

Feldman: We found that the dogs were about one third positive; cattle in the 
same area were, I think, about 10 per cent positive; sheep were about 30 or 40 
per cent, I am not certain. 

This operates in the same way that it does in humans. As some of you know, 
we have data on five different cattle herds located on different farms in the 
vicinity of Ithaca, New York. Three of these had no antibodies whatsoever. In 
the other two, some 40 to 50 per cent of the cattle were positive. Thus, you get 
the same variations in animals that you do in humans. This makes it very 
complicated when you do an epidemiological study, because if we take the cattle 
on one farm and the farmers on another, we may get an entirely different kind of 
association than we would by taking people and cattle or sheep from the same 
place. 

There was an epidemic in some mink ranches in Ontario about 2 years ago; 
there were some six ranches in the area. Five were wiped out completely, totally 
wiped out, by Toxoplasma, but the sixth had no infections at all—all in the same 


* I. Cook: Toxoplasma in Queensland. IV. Serological surveys of the human popula- 
tion. Austral. J. Exper. Biol. & Med. Sc., 37: 581-592, 1959. 
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area. There is a lead here, perhaps, in that the five ranches that were wiped out 
all bought their feed in the same place, while the sixth purchased its feed else- 
where. I think that most of you know that mink are fed meat or discarded animal 
carcasses, so it is conceivable that the five ranches got infected meat, while the 
sixth which obtained its meat elsewhere, escaped infection. That is the only 
explanation that we could think of. 

Beverley: I have three points, if I may. The difference in the results of skin 
tests using egg antigens from those using mouse peritoneal antigens may in 
some way be correlated with the differences observed in the results of complement 
fixation tests, may it not, using mouse peritoneal antigens and egg antigens? 

We have found that the mouse antigen, prepared after Thalhammer’s 
method, was much more sensitive than the egg antigen. It is more in keeping 
with the dye test for sensitivity. I wondered if it might in some way explain how 
people who have used mouse antigens get nearly 100 per cent correlation with 
the dye test, whereas egg antigens give only approximately a correlation with 
the complement fixation titer and not with the dye test. 

A second point is that Dr. Goldman said he got differences in agar-gel diffusion 
lines. I wonder if that might be correlated with the possibility that some of your 
exudates have mouse antibody attached to cells and other exudates have no 
mouse antibody attached to them? In the one group, you have antigen and 
mouse antibody opposed to human antibody and in the other group, you would 
have only antigen opposed to human antibody. What exudate did you use to 
prepare your antigen? 

Goldman: We are just beginning this. These are simply 3-day infected mice, 
and this is the left-over antigen from a dye test. The antigen is stored away, 
frozen and thawed, and is now taken out and studied in this manner, just in a 
scanning manner. 

Beverley: Harvested later on the same day? 

Goldman: The exudate is removed from the mice, the antigen is pooled and 
as much of it is used for the dye test as needed. The rest is frozen. 

Eyles: These are pooled groups, but they still show differences from one 
pooled group to another pooled group? 

Goldman: I believe that is so. 

Beverley: The third point, sir, was, I wonder if Dr. Feldman would care to 
comment a little bit further on the differences between the first two and the 
subsequent decades of the normal population in Syracuse. In the first two decades 
you had a low incidence of skin tests, compared with the incidence of complement 
fixation reactions, whereas, in the later decades, there was a good correlation 
between them. Would you like to go so far as to hazard that is because the 
younger ones were more likely to be recently infected and would not then be 
skin-test positive? 

Feldman: Well, that is one possible explanation, namely, that skin positivity 
is acquired or requires an interval of time, which is considerably in excess of the 
time required to produce serum antibodies; therefore one would expect an 
accumulation with time. Furthermore, skin positivity persists for a period of 
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years, also resulting in an accumulation. However, what disturbs me about this 
group is that the over-all incidence is so low. It is something like 9.5 to 10 per 
cent of the total population. There may be a good deal of error in this. 

I would like to comment on the CF antigens again. When we ran our original 
CF tests, years ago, we studied mouse antigens. There was very little question 
but that a given unit of mouse material would yield more antigen than egg. We 
found, however, that the mouse antigen tended to be quite anticomplementary 
in low dilution, so that when we got through titrating or diluting it out to the 
usable range, we had practically no more antigen than we had from the egg. 
The egg tended to be less anticomplementary and therefore could be used in 
low dilution; in the end, the net result was about the same. 

We chose there, as with the skin test, to use the egg for the reason that we 
felt that we got excellent or better control material than we did with the mouse; 
that is, we use a chorioallantoic membrane of the same age as the infected egg. 
We feel that this makes good control material. I still do not believe that taking 
the spleen from a mouse yields the kind of control that is suitable for peritoneal 
exudate. 

Now, this may or may not be valid. But at least I feel more secure with the 
other, so we have stayed with it. It actually should not make much difference 
which one is used, because if you run a standardized test, you standardize the 
amount of antigen you use. Unless one postulates that the ‘quality’ of the 
antigen is different, it really should not matter whether you are using 4 units of 
egg or 4 units of mouse antigen. One should be as reactive as the other. 

Frenkel: Dr. Feldman mentioned some data obtained from Eskimos where the 
incidence was zero, and compared it with some South Polar inhabitants, the 
penguins, who are reported to die from toxoplasmosis in the Philadelphia zoo. 
It was my impression that that was not Toxoplasma at all, but an organism 
showing schizogony. Do you have any information on that? What is the organism 
that kills the penguins? 

Feldman: I said we were stimulated to study the Eskimos because of this report. 
This in no way infers acceptance of the report from Philadelphia. The only paper 
I know of is the one that was published in the American Journal of Pathology.* 

Frenkel: By Radcliffe? 

Feldman: Yes, by Radcliffe. It was purely a descriptive paper. There were no 
serological data. 

Frenkel: The other thing I wanted to mention, since this belongs in the 
transmission discussion, is some work that I have done during 1943 to 1954 
trying to transmit Toxoplasma by arthropods, feeling, as some do, that Toxo- 
plasma is relatively fragile and it is not very likely to survive in the outside 
world. With Richard Loomis we studied chiggers, Eutrombicula alfreddugest, 
E. splendens, Walchia americana, E. lipovkyana, Trombicula gurnei, T. trisetica, 
and Euschéngastia diversa; mosquitoes, Aedes aegypti and varipalpus, Anopheles 
punctipennis, and A. maculipennis freeborni. Then, of the ticks, we studied 


* Radcliffe: Am. J. Path., 25: 655-667, 1951. 
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Dermacentor occidentalis, D. andersoni and D. variabilis; Haemaphysalis, the 
rabbit tick, Orntthodoros hermis, turicata; and moubata, the chicken tick, Argas 
persicus; and some mites, Liponyssus bacott. Then, we studied Stomoxys, the 
stable fly, and some lice of mice, Polyplax. We studied two species of fleas, 
Diamanus montanus, the western squirrel flea, and the Xenopsylla cheopis flea. 
We also studied some Reduviids or cone-nosed bugs, T'riatoma protracta, and 
bed bugs, Cimez lectularius. 

In all of those, using the RH strain, admittedly, an old laboratory strain, the 
results were negative. We found organisms by grinding up some of these arth- 
ropods only within 24 hours, but, after 24 hours, I could not isolate them any 
more in mice. If, however, Toxoplasma was injected in two of the ticks, then I 
could isolate them still after a month; that is, Dermacentor and Haemaphysalis. 
Only with chiggers Dr. Loomis and I used Toxoplasma that were less than 10 
passages removed from what I call the cyst stage of chronic infection. 

I think that we have not investigated black flies, which are rather ubiquitous 
and Simulium, nor have we investigated the Ceratopogonidae, the small gnats 
which are quite ubiquitous and bite people. 

I just wanted to throw out the suggestion that Toxoplasma might be a parasite 
of a little recognized arthropod, perhaps an insect, which many of us might 
accidentally eat or inhale, such as fruit flies, and since they are not known as 
vectors of human disease, we do not look into them. This is just a guess, and | 
hope someone will some time have a chance to look into it. Personally, I have 
gotten a little away from the field where I could do this, but I want to record 
many negative findings, although I do not believe they are conclusive. 

Remington: I would like to mention that similar work has been reported from 
the NIH some years back.* They were also able to isolate the organism from 
some of the strains they used. I do not recall what they were, but the authors 
were able to isolate the organisms after infection took place. However, they 
could not prove that there was multiplication of the organism within 
the arthropod host. 

Frenkel: Well, | think that they isolated one strain from a rabbit, and there, 
of course, the question was whether this rabbit strain really came from the ticks. 

Remington: They also isolated it from the tick or whatever arthropod it was 
they were experimenting with. 

Frenkel: I did not mention this to claim any priority. 

Remington: I understand that. I thought that perhaps you were not familia: 
with this work. 

Frenkel: No, I am familiar with it. But I thought, because we were discussing 
here transmission in connection with epidemiology, we might bring up th« 
possibility of arthropod vectors. I merely mentioned my experience, since I an 
a little more familiar with it. 

Stim: I would like to say with regard to the negative Eskimos that, in co 
operation with J. Bang, I have examined some pilot whales—the black fish 
and found positive dye tests in 2 of them. 


* Woke, Jacobs, Jones, and Melton: J. Parasitol., 39: 523-532, 1953. 
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Feldman: These are whales that feed on garbage? 

Stim: Yes, and especially found on the Faroe Islands. The second thing I 
should like to mention is that our experience shows that it must be very difficult 
to become infected with Toxoplasma. Our laboratory people, who have tended 
rabbits with large necroses after intracutaneous injection of Toxoplasma and 
who have carried out autopsies for more than 10 years, never become infected 
provided the commonly used laboratory precautions are observed. Only when 
they prick their fingers or get some Toxoplasma suspension in the mouth or eyes 
may they get infected. 

Feldman: Three people have stuck themselves in my laboratory and in no 
instance have antibodies developed or has any one of them become ill. 

Stim. It certainly seems that it is not very easy. 

Frenkel: But there are other people who stuck themselves and who did 
develop antibodies. * 

Feldman: Oh, I am not saying that it is an all-or-none phenomenon. 

Sitm: We have carried out serological testing on the various laboratory animals 
at the Institute and the only ones which were not infected were the laboratory 
mice reared on sterile food. Among several thousand white mice used in our 
isolation trials, we have only found one laboratory-reared mouse with a dye test 
titer of 1:250. We find that housewives comprise about two-thirds or more of 
our material of protozoologically verified cases of acquired toxoplasmosis. Most 
of these women have eaten raw meat or have become infected during the prepa- 
ration of raw food. 

Lainson: Do you not think a far more likely method of becoming infected is 
in the handling of this meat? 

Siim: Yes. They do not need to eat it but only get it smeared on their fingers. 

Lainson: But not necessarily transferring it to the mouth, either, so many 
housewives must have small cuts and abrasions on their hands—torn cuticles 
of the nails, for instance. 

Siim: However, very few have swelling of the regional lymph nodes. When 
they go to the doctor almost all of them have developed generalized lymph- 
adenopathy. 

Lainson: 1 was thinking particularly of a recent experiment that Professor 
Garnham and I made with sheep. Apart from other details, we infected the 
sheep by the oral route and, later, found it comparatively easy to demonstrate 
cysts microscopically in skeletal muscle from the legs (Fig. 68). One would 
imagine that the cut surface of a leg of lamb from such an infected animal would 
present a very extensive source of infection for the housewife—and, of course, 
abbatoir workers. If the incidence in sheep is generally as high as that found by 
Dr. Beverley, in England, it is certainly food for thought. 

We also cooked a whole leg of infected lamb in an electric oven. The meat 
was deliberately undercooked so that, for a long way round the bone, much of 
the flesh remained raw and bloody. Afterwards, we could not isolate the parasite 
from the meat at all. This suggests that even gross under-cooking of meat is not 


* Frenkel: J. A. M. A., 178: 1471-1476, 1960. 
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Fig. 68. Cyst of Toxoplasma in thigh muscle of a sheep infected six months previously 
(rabbit strain). Note the well defined cyst-wall. Tissue treated as for Fig. 39. X 1000 


particularly hazardous. I do not think this is an important mode of infection— 
entry by way of small cuts, when the meat is handled, is far more likely. 

Remington: Like Dr. Lainson, in our experiments on the transmission via the 
oral route, we took tissues and heated them very slowly, comparable to the heat 
used in cooking a rare roast. All of the organisms were killed in these specimens. 
As I mentioned before, placing the material in a freezer overnight will also result 
in the death of the Toxoplasma organisms. 

Eyles: Some of the regions which have the highest prevalence are regions 
where meat is either not eaten very much, or never raw. For example, 
in Guatemala, as best we could determine the habits of those people, they did 
not eat raw meat. 

Feldman: The Moslems have infections, too. 

Eyles: And many other vegetarians. 

Goldman: I would just like to call attention to this paper by Kimball* and 
several others, from Minnesota, on epidemiology. It is in the January 1960 
number of the American Journal of Hygiene. It is a very extensive study of the 
epidemiology of toxoplasmosis among obstetrical patients, on whom they have 
a lot of histories. They find, apparently, a correlation with association with 
farm animals, primarily with fowl, chickens, ducks and turkeys, and that this 


* Kimball et al.: Am. J. Hyg., 71: 93-119, 1960. 
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association seems more significant than the association with the hoofed animals. 
Furthermore, the area, geographically, in which they found the highest incidence 
differed, as far as they could tell, from the other areas only in having a larger 
area of water. More lakes, in other words, were in the area in which there was a 
higher incidence. That was the only difference they could find. They were there- 
fore led to consider a possible association with birds, perhaps with a water bird. 

Feldman: I would caution against a couple of things: firstly, that the epi- 
demiological data on the mothers who produce infected babies indicate that 
infection can be acquired in every month of the year with equal frequency. This 
does not eliminate certain routes of infection, but it does, I think, minimize the 
importance of some. It certainly would suggest that an outdoor kind of vector is 
of negligible importance. 

The second thing is that when you select populations, as in our Syracuse study, 
you have to be very careful about the controls. In 1941 and 1942 we became very 
enthusiastic and very much engrossed in what we thought was a new problem in 
the respiratory disease field, namely, primary atypical pneumonia. There was 
one outbreak in New York City that Dr. Smadel studied at the Rockefeller 
Institute in which he showed that a number of patients had acquired what 
appeared to be a nonbacterial pneumonia by exposure to birds. He went into 
Central Park, as you may recall, and showed that about 50 per cent of the 
pigeons in Central Park had ornithosis antibodies and so on. 

Dr. Finland and I were interested in this disease at that time, so I set about 
on the wards of the Boston City Hospital to see whether we could relate primary 
atypical pneumonia to exposure to birds. We had many patients that summer. 
The histories that I got from patients with atypical pneumonia were perfectly 
fabulous for exposure to birds. It was a perfectly fantastic thing. One man was 
working under his car in a garage, and a bird came in and walked over his chest 
and then flew away. This was a little sparrow. We thought this was tremendous. 
As we were getting ready to put this all together, the horrible thought occurred 
to us, on one of our frequent evening walks into town, that perhaps we ought to 
look a little bit further. I started going to the orthopedic wards. It was perfectly 
amazing, how many patients I found with broken legs who had been exposed to 
birds before coming to the orthopedic service. You have to be very careful in 
these studies of pregnant women or this or that kind of person, unless you really 
have suitable control populations. We never published the paper on birds, 
incidentally. 

Fair: It would help me a great deal in my work if Dr. Feldman or anyone else 
who is epidemiologically minded might answer or try to answer a couple of 
questions for me. 

I have been engaged in the last couple of years in trying to determine the 
incidence of congenital toxoplasmosis. I know there are many ways one could go 
about this. I am familiar with Dr. Feldman’s study of the sera of some 5000 
newborn children. As an ophthalmologist, I have gone about it from a different 
direction, making use of the fact that chorioretinitis supposedly is the most 
constant finding in the disease. 
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In the past two summers, I have hired summer student fellows to help me 
survey in the hospital patients admitted with no eye disease or noninflammatory 
eye disease. These are medical cases or surgical cases and some prenatal cases 
on an out-patient basis. 

We dilate pupils widely and skin test these patients. (Fig. 69) This is the 


Possibly Congenital Possibly Acquired 


Congenital Syphilis Toxoplasmosis Toxoplasmosis 


Undetermined 


1 


Fic. 69. Presumptive diagnosis in 10 cases of chorioretinitis found during routine oph- 
thalmoscopic examination of 679 general hospital (eye patients excluded) and prenatal pa- 
tients. Determinations made on basis of clinical findings, history and results of serological 
testing. 


Fic. 70. Some of the chorioretinal lesions discovered during ophthalmoscopic examina- 
tion of 679 patients. Poor vision was lifelong in the eyes shown in A and B. In C is shown 
a large peripheral chorioretinal scar in another eye. The central chorioretinal scar in D 
was probably traumatic in origin. 
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Fic. 71. Results of skin test for toxoplasmosis in 1902 general hospital cases 


result of the first year’s work—679 cases. We found 10 cases of chorioretinitis. 
One of them was a congenital syphilitic; 2 of them were of undetermined cause; 
1 was possibly an acquired toxoplasmosis. I felt, on the basis of clinical findings, 
history, and the results of serological testing, that 6 of them were possibly con- 
genital toxoplasmosis. I realize that this is a small series and it would have to go 
on for a number of years before we could be sure about it. Figure 70 shows some 
of the situations we found. Some cannot be photographed because they are 
unable to cooperate or the media are not clear. 

No matter what my results are eventually, it would be much nicer if we could 
show that they are the results that might be expected theoretically. I would like 
Dr. Feldman to tell me if he can estimate the incidence of congenital toxoplas- 
mosis from the curve shown in Figure 71 which shows the frequency of positive 
skin tests in the general population in our area—and I say “general population,” 
but they were, again, hospital cases. It seems to me that it should be a relatively 
simple matter, but I am sure the statisticians could make it much more com- 
plicated. These same authors that Dr. Goldman mentioned followed 327 
obstetrical cases for a period of 5 years and found that in that length of time 5 
per cent of them, or 1 per cent per year, had a change in the dye test from negative 
to positive. It may not be, in the childbearing years, that there is an increase of 
1 per cent per year. It might be a half of 1 per cent per year. But it seems to 
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me that pregnant women are no different from anybody else and should acquire 
toxoplasmosis at the same rate, and we should be able to tell what to expect in 
the way of congenital toxoplasmosis. 

I am not interested in what happens to the fetuses or what effect there is on 
the fetus at that stage of the pregnancy when the mother acquires toxoplasmosis. 
I am not interested in whether the fetus escapes the infection entirely. All I 
want to know is what is the possibility that pregnancy might be complicated 
by the acquisition of toxoplasmosis by the mother? 

Feldman: We followed over 600 pregnant women through pregnancy; we bled 
them all in the first trimester and then selected those who had no antibodies 
and bled them each month through their pregnancy. We found no one who 
converted or changed. It was decided then, that we would have to go through 
something like 10,000 or more negative women, starting in the second trimester, 
in order to pick up one. This adds up to about 60,000 serum samples. It did not 
appear to be a very fruitful study in our area. Of course, the probability may be 
better in other places. 

Now, I suspect that this would be very different in one area where most of 
the women are immune by the time they reach the age where they are bearing 
children, as in Tahiti. There almost all have antibodies in the second decade or 
so. Therefore one would expect very, very few to acquire an infection during 
pregnancy. If infection is as rare as it seems to be among the Navajos, let us say, 
you might have to go through 100,000 pregnancies in order to get one, so that 
would not appear to be a very fruitful place to look. 

As far as the eye cases go, in reference to Figure 69, I think it is impossible, 
actually, even though all the clinical stigmas may be present, to say that one is 
dealing with congenital disease unless one has had an opportunity to study the 
mother. This is terribly important, because I would think that that was an 
awful lot of possible toxoplasmosis in that many hospital admissions. You may 
be in an area where this is really a very common infection, which would make it 
even nicer to do a study of the total population. But, when you run into children 
like this—and they are children, are they not? 

Fair: No, these are all adults. All I have to suggest congenital origin is the 
lifelong history of poor vision in one or both eyes. 

Feldman: Well, wherever one can locate the parent, even though well along in 
years, one ought to try to do so. 

Fair: This brings me to the second question. In the past, I have attached a 
great deal of diagnostic significance to the mother’s serology. We certainly would 
expect, in a case of congenital toxoplasmosis, to find that the mother’s dye test 
was positive. But, in a child who has acquired toxoplasmosis, how likely is it that 
the mother has also acquired toxoplasmosis? Is the significance as great as it 
would seem? These two are brought up in the same environment, so just how 
significant is the addition of the mother’s serology? 

Feldman: Well, you get into another topic here, and I do not know whether 
or not you want to go into that. It is perfectly true that many adults have anti- 
bodies, but, in general, the maternal and offspring titers are quite comparable. 
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They will differ by a tube or occasionally by two tubes. However, when you 
follow them over a period of years, while each may decrease, the decrease is quite 
proportionate; so I think that one is in a cleaner situation when there are anti- 
bodies in the child and none in the mother. That makes it very simple although 
it is possible for an individual to become serologically negative. I will grant that. 
I think it is very unusual, but it is possible. Therefore, one does not, perhaps, 
have 100 per cent comparable results in the child and mother. 

Eyles: 1 think what Dr. Fair is asking is the familial prevalence. For instance, 
you remember our case. Of course, it was a clean-cut congenital case, but when 
we tested the siblings, they had an identical titer to that of the mother; so that 
if we had seen one of those siblings later and did not know about that congenital 
case, and one of them developed uveitis, we would have tested the mother and 
they would have had the same titers, when it was actually no congenital relation- 
ship. It was probably just a common source of infection, infection of all the 
members of the family except the father. 

Fair: Well, suppose you have a 10-year-old child with what seems clinically 
to be a congenital toxoplasmosis; you have 1 chance in 10, perhaps, that his 
positive test is not connected with his toxoplasmosis. But suppose his mother 
has a positive test, also, and she is 35 years old; you have, perhaps, only 1 chance 
in 3 of finding a 35-year-old with a positive test for toxoplasmosis. Can we 
multiply these odds and say there is only 1 chance in 30 that the eye disease is 
not connected with toxoplasmosis? 

Feldman: I think this is taking a little unfair advantage of a serological proce- 
dure. After all, serology is helpful up to a point. It is also true that on the clinical 
side this is sometimes a little distressing and complicated. As is true of most 
laboratory procedures, it is most helpful in eliminating a diagnosis which is 
under consideration. If the child has antibodies and the mother has none, one 
can say with considerable assurance that this was an acquired infection. If the 
child has no antibodies, it does not matter if the mother has them; one can say 
with very reasonable assurance that the immediate problem is not related to 
infection with the parasite. If both have antibodies, all you can say is that the 
possibility of its being related to congenital infection cannot be eliminated. 
This is sometimes not very satisfying clinically, but, on the other hand, that is 
all the procedure can tell you. There may be multiple cases in some families, 
but they are not very usual. Certainly, our experience with the congenital cases 
is that in most instances, the husbands have been entirely negative, for example, 
or have had such small amounts of antibody as would make it appear that they 
acquired this at some distant point. 

Fair: I go to a great deal of trouble and expense to trace down these mothers, 
and I just wonder how worthwhile it is. 

Feldman: If you are dealing with children, I think it is mandatory, in order 
to really “‘firm up” the information. 

Lainson: Dr. Feldman, as a protozoologist, perhaps, I am being rather bull- 
headed and unreasonable in wanting them to see my parasite. One would 
naturally like to see the parasite in these cases. Of course, it is impossible at 
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times, and therefore the value of the serological reactions is to give us an over-all 
picture, perhaps, of the extent of contact with the parasite. But can you tell 
me—and you must have had this question asked of you many times—just how 
many of these positive results indicate experience with the viable organism? Is 
there the possibility that a large percentage of the positive reactions are due to 
experience with dead organisms? I have no particular views on this. I would 
just like somebody to expound on this question. 

Feldman: Dr. Fair has done with humans what we and others have done with 
animals. If you put dead Toxoplasma into the skin or subcutaneously, or into 
the footpad of rabbits, with various adjuvants and so on, you can produce dye 
antibodies. That animal is almost invariably quite susceptible to a fatal infection, 
although you have induced antibodies. I believe you have done this with humans? 

Fair: Yes. 

Feldman: Now, the question you are asking, really, is whether, if one ingests 
dead organisms or an inert antigen by the oral route, will this be immunogenic 
for the animal so stimulated? 

Lainson: That is part of it. 

Feldman: My answer would be, I doubt it, but I do not know. 

Halbert: There is good evidence in the literature that immunization by the 
oral route is effective, although very poorly so. 

Feldman: Not in toxoplasmosis. 

Halbert: Generally, I mean. 

Feldman: I know about some of the others, but in toxoplasmosis? 

Halbert: But enormous doses usually have to be given, and one suspects that 
the amount of Toxoplasma antigen in food would not be of this order 
of magnitude. 

Eyles: Do you recall our series of cats where we invariably were able to isolate 
organisms when the titer was 256 or higher? In the majority of cases, we could 
isolate organisms at 64 and over half at 16, whereas, when you got down to 
negative, in only one case, possibly, in a brand-new case, did we isolate them. 
In other words, there was a close correlation between the dye test and the 
presence of organisms that could be recovered in the cats, and, presumably, 
those low titer ones were from cats with old infections, where they probably 
were not as dense in the tissues, and so we failed. 

Remington: Turning for a moment back to human cases, we attempted in our 
study to isolate Toxoplasma from the students with positive dye test titers. 
The five students, whom we could get to come in for study, were diagnosed as 
having chronic toxoplasmosis. They had dye tests titers of approximately 1:256 
or lower and a positive skin test. We were able to isolate the organism from the 
lymph nodes of 2 of these 5 students, a percentage of successful isolations simila: 
to Dr. Siim’s. 

In another study, we attempted to isolate Toxoplasma from the uteri of 
normal females with positive dye test titers. An isolation was accomplished 
from 3 of 23 uteri. These 3 women had very low dye test titers, 1:16 to 1:32 
both before and several months after the hysterectomy was performed. I wonde! 
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if this helps to answer your question as to whether or not a positive dye test 
can be correlated with the persistence of living organisms within the person’s 
body. 

Lainson: Yes, exactly. 

Remington: We are now involved in a study of postmortem material. It is very 
difficult to compare microscopic findings with isolation data. There may be 
but a few cysts in an entire brain, yet some pathologists wonder why they have 
never seen these structures since such a large percentage of the general population 
has positive serology. If one calculates the number of sections required to examine 
an entire brain (human), it would take a pathologist a life-time to completely 
examine these slides if he completely scanned 50 slides per day. That cysts are 
not found on routine microscopic sections of human tissues is not the least bit 
remarkable. They are often very sparsely situated. We are digesting the tissues 
with pepsin-HC] solution as was done in the meat survey. With this technique, 
developed by Dr. Jacobs at the NIH, we can examine large amounts of tissue, 
for instance, an entire uterus can be digested down to a few grams of wet weight. 
This material can then be inoculated into animals or tissue culture in an attempt 
to isolate the organism. Interestingly, the students from whom the lymph node 
isolations were successful had low dye test titers. If I recall correctly, in Dr. 
Beverley’s series, he had higher titers in the people from whom the organism 
was isolated. Dr. Beverley postulated the necessity of the presence of a dye test 
of, I believe, 1:1024 as a minimum for the ability of one to isolate the parasite. 

It is now clear that the organism does persist in the tissues of human beings 
with low dye test titers, and that Toxoplasma can be isolated from biopsy 
specimens from these persons. Low dye test titers found in chronic infections 
have been attributed to the lack of antigenic stimulation by parasites in the 
brain or eye. The hypothesis has been that the antigens do not pass the blood- 
brain or blood-ocular barriers and therefore do not come into contact with the 
antibody-producing cells. Now that the organism has been isolated from extra- 
neural tissues of females with very low dye test titers this hypothesis must be 
discarded. 

Stim: Were these uteri normal? They could not have been since they were 
removed. 

Remington: Most of them had endometrial hyperpiasia. 

Stim: Did they show any chronic inflammatory changes? 

Remington: No. 

Stim: I do not think that raw meat is the only source of infection. The infection 
can possibly be transmitted by means of handling and eating raw animal material. 
Dr. Biering-Sgrensen has a slide which shows the ovary of a hen with a cyst in 
the center of the connective tissue surrounded by yolk. It is easy to imagine that 
raw eggs can become infected with Toxoplasma when such a cyst goes into the 
yolk. 

Halbert: Throughout the discussion this morning, one had the feeling that 
there is a tacit assumption that there is one Toxoplasma gondii strain extant in 
all infections. It seems most unlikely that in the natural habitat an organism 
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that infects dogs, let us say, is the same as one that infects man. I just wonder 
if there are any immunological data showing distinct or striking differences 
between strains. This could have a lot of bearing, of course, on the epidemiological 
results that are obtained. I am just raising this as a possibility. 

Lunde: There is a difference as far as antibody reactions go, in exposure. 

Kaufman: Do you mean that there is a quantitative difference, and not a 
different antibody? 

Lunde: I mean, there is a different response with regard to time and appearance 
of various titers and the decline of various titers. 

Feldman: But the antibody is the same? 

Lunde: That, I will not go into. 

Feldman: Well, all the strains we have studied had the same cross-reactivity 
by every serological test. 

Halbert: Including the dye test? 

Feldman: Yes, but they will vary in virulence, which simply means the rate 
at which they will produce disease; this may produce a variation in the rapidity 
of the antibody response. 

Halbert: By analogy, again, with other microbial agents, one might suspect 
that the antigenic components most likely to be different from one strain to 
another might be the antigens at the surface of the microorganisms. Of course, 
this can be detected most readily by direct agglutination of the microorganisms. 
Have any studies been done in which strains isolated from different species have 
been compared for their agglutinability, by different sera? 

Feldman: 1 think Dr. Eyles used only one strain. 

Kaufman: He has published only concerning the use of one strain. 

Goldman: I think that the analogy to other microorganisms is not very close 
here, because I assume you are referring to bacteria, primarily, as the other 
organisms? 

Halbert: Bacteria and viruses. 

Goldman: Well, perhaps virus, but in bacteria, certainly, with quite a different 
cell wall and capsular structure, we have one situation, whereas with Toxoplasma, 
with a very thin membrane, which apparently is quite susceptible to osmotic 
pressure changes, and quite a complex internal structure, you might have quite 
a different situation with regard to where antigens, or where effective antigens 
are located. 

Halbert: That is quite true. 

Siim: Later, I will show some preliminary experiments with a flocculation 
technique which seem to point to the existence of at. least a surface and a corpus 
antigen. 

Feldman: With differences between species? 

Siim: Well, with only one strain. 
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First I would like to express my gratitude to the Alfred P. Sloan Foundation 
for inviting me to be present. It is not only a pleasure and privilege to be here, 
but it also gives me the opportunity of learning a great deal about ocular toxo- 
plasmosis. I myself have never observed verified acquired cases although I have 
been looking hard and long for them. 

I think it is appropriate to show this picture of a very nice old man (Fig. 72). 
He is the Czech ophthalmologist, Janku, who in 1923 reported the first case of 
toxoplasmosis and gave an excellent description of toxoplasmic chorioretinitis. 
His paper is now translated into German.* 

We have been lucky enough in Copenhagen to have a team consisting of about 
10 persons from various fields of medicine and veterinarian medicine. This team 
has been studying for some years the clinical, pathological, epidemiological and 
laboratory aspects of human acquired toxoplasmosis. I shall summarize a few of 
our experiences based on the observation of cases in which the parasite has been 
isolated in well controlled animal trials. 

From the results of experimental studies in animals and from the observation 
of acquired human disease, both spontaneous and those which have occurred in 
the laboratory, it is known that Toxoplasma gondii affects every nucleated cell 
in human and animal vertebrates. 

In the acute infection the parasite actively invades the cell, where multipli- 
cation takes place by binary longitudinal fission. The host cell becomes distended 
and a rupture takes place, thus liberating toxoplasmas, which again are able to 
infect new cells. Except for this simple mechanism, no special cyclus, schizogony, 
or the existence of any intermediate host are as yet known. Later, when anti- 
bodies are formed, Toxoplasma cysts can be demonstrated, surrounded by tissue 
without any reaction. 

In animal trials, infection has been established by inoculation intracutaneously, 
subcutaneously, intravenously and intracerebrally, as well as by feeding, by 
inhalation via the mucous membranes of the eye and the vagina, and via the 
shaven skin. 

At least in the early stage of the infection with this parasite, generalization 
occurs. From the site of inoculation the infection is spread to the regional lymph 
nodes, after which a hematogenous generalization occurs. Since the parasites 
are spread via the blood stream, all organs or tissues may become infected. This 
is readily observed in infants with congenital toxoplasmosis and also in the 
severe, fatal cases of the acquired infection with exanthema and signs of encepha- 
lomyelitis, myocarditis and pneumonitis. 


* Janku: Ceskoslovensk4 parasitologie, 6: 9-57, 1959. 
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Fic. 72. Dr. Janku, in 1923, reported the first case of what is now considered to be toxo- 
plasmosis. 


Recent studies have shown that the incidence of lymphadenopathic toxo- 
plasmosis is surprisingly high. Forty patients were admitted to the Finsen Insti- 
tute, Copenhagen, with adenitis of unknown origin. Of these 15 per cent could 
be verified as being Hodgkin’s disease, metasteses, reticulum cell sarcoma, or 
tuberculosis, while 13 per cent had strongly positive dye test and complement 
fixation test (Table 4). 

However, even in these patients with the mild form of acquired lymphadeno- 
pathic toxoplasmosis, generalization of the infection occurs, so that toxoplasmas 
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TABLE 4 


Percentage of toxoplasmosis in 40 patients with lymphadenitis of unknown 
out-patient department 
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TABLE 5 


Isolation of Toxoplasma from muscle biopsies removed from patients with acquired, febrile 


lymphadenopathic toxoplasmosis 
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TABLE 6 


Isolation of Toxoplasma from tonsillar tissue (Siim and Lind) 
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Isolation of Toxoplasma from lymph nodes, muscle or tonsillar tissue from the same patient 
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TABLE 8 


Isolation of Toxoplasma from lymph node and muscle biopsies removed from a 62-year-old 
woman with febrile, acquired lymphadenopathic toxoplasmosis (Siim and Nissen, 1958) 





| Number of Mice Positive Dye Test in Mice 


Tissue Inoculated 





Inoculated Dead Inoculated | Controls 





Daniel’s biopsy: 
Lymph node 4 3/4 0/4 
Fatty tissue 1/17 0/8 
Brachial biceps 7/25 0/12 





have been isolated from lymph nodes in various regions, from tonsils, and from 
tissue removed from striated muscle selected at random. 

Toxoplasmas have been recovered in cases of acquired toxoplasmosis in which 
the seroreactions were strongly positive. Table 5 shows the result of isolation 
trials carried out with striated muscle tissue selected at random. The parasite 
was isolated from the trapezius, from the quadriceps, or from the brachial 
biceps, and it is interesting that in some of these cases electromyographic changes 
could be demonstrated (Buchthal). 

Toxoplasmas were also isolated from tonsillar tissue removed from patients 
with acquired toxoplasmic lymphadenopathy (Table 6). This tissue is quite 
heavily infected, since all the animals inoculated in two of the cases, and three 
out of five animals in the third case, became infected. The controls were all 
negative. 

Tables 7 and 8 show the results of isolation trials in which toxoplasmas were 
isolated from various tissues from the same patients: from lymph nodes removed 
from various superficial regions, from lymph node and striated muscle tissue, 
and from lymph node and tonsillar tissue. 

Despite this generalization, involvement of the eye seems to be rare in patients 
with acquired toxoplasmosis, even in the severe cases with exanthema, encepha- 
litis, pneumonitis and myocarditis. It is known from preliminary experience in 
200 to 300 cases of acquired toxoplasmosis with lymphadenopathy that only about 
1 per cent of the cases show involvement of the eye, the exact etiology of which 
was not determinable. Similarly, it is extremely seldom that eye toxoplasmosis 
has been reported in mothers who have given birth to children with congenital 
toxoplasmosis, which indicates that the infection must have been generalized 
in the mothers. There is no explanation of the rare incidence of eye toxoplasmosis 
in these patients. A follow-up of patients with parasitologically verified toxo- 
plasmosis is in progress and may reveal late complications from the eye when 
the seroreactions have become slightly positive or negative. 

Goldman: Dr. Siim, are these single attempts and single successes, or does this 
represent success from the biopsies of various sites? 

Siim: Biopsies from various sites in the same patient. 
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Goldman: And then, a success from all these sites or just the successes from 
these individual sites that you have shown here? 

Siim: We have only removed tissue from these sites which I have mentioned. 

Remington: Since the question was brought up, I should like to know if these 
isolations, for example those from muscle, were attempted from a consecutive 
series of patients or from a random population. I ask this because I am interested 
in drawing some conclusions as to the actual incidence of the parasite in the 
tissues of such patients. 

Siim: We have tried this in about 10 cases. 

Remington: And you had three positives? 

Siim: Yes, three or four positives up to now. 

Leopold: What about the heterophil antibodies in these patients? 

Siim: We have conducted studies in a large number of patients from whom 
blood samples had been sent in to the Institute for examination for heterophilic 
antibodies. About 5 to 10 per cent of these were positive in the dye test. How- 
ever, the Paul-Bunnell test is only rarely positive in the verified cases of toxo- 
plasmosis. We have seen a single case, but that must be a coincidental finding. 

Remington: You mentioned that you have several hundred cases of the lym- 
phadenopathic form of toxoplasmosis. I would be interested to know how you 
diagnose these cases as being lymphadenopathy due to toxoplasmosis? 

Siim: The diagnosis of toxoplasmosis is the one which is the most likely. These 
cases show a clinical condition which is almost typical of toxoplasmosis. They 
have positive sero-reactions with maximum titers which we know indicate a 
recent or present infection with Toxoplasma. In about 100 of the cases we have 
made a lymph node biopsy and have been able to demonstrate the quite typical 
changes found in toxoplasmosis and have not observed malignant diseases or 
tuberculosis. 

Remington: In a series we have been studying, similar to your own, we have 
had the greatest difficulty in deciding whether or not patients had lymphadenop- 
athy due to toxoplasmosis or due to some other etiology. We have studied two 
cases with rising dye test titers from 1:16 to 1: 16000, in the presence of a rising 
hemagglutination titer. These two cases had positive Paul-Bunnel tests. We 
also have an isolation of the parasite from one of our cases with a high dye test 
titer. However, I wonder whether or not one can say, in a patient who has lym- 
phadenopathy and a very high dye test titer, and a positive isolation result, 
that this means the disease state is due to Toxoplasma. 

Siim: Cross absorption experiments show that the heterophilic antibody and 
the Toxoplasma antibodies are different. We have carried out such tests in 2 
patients. However, the only way of getting a 100 per cent safe diagnosis is, of 
course, the isolation of the parasite and/or demonstration of a significant rise 
in antibody titers. 

Remington: But some people will not even accept that as a definitive criterion. 
I fear that you have shown only too well that the organisms can be isolated 
from the lymph nodes of patients many months after the acute infection has 
subsided. 
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TABLE 9 


Isolation of Toxoplasma from lymph node biopsies 





Isolation Experiment 
Dye Test ~ — 


Positive Negative 


28 


10 


0 44 
1 | 10 


29 


Siim: Chronically infected, yes. 

Remington: Well, unless you carry out complete viral studies, which of course 
we have not done, the possibility arises that the causative agent may be a virus 
or some agent that we have as yet been unable to define. 

Siim: Yes, that is right. 

Remington: At least the people to whom I have presented some of this work, 
at the Thorndike and elsewhere, are not very happy with the data. I think that 
one of the problems is that there are very few working with the disease as it 
exists in our adult population and the general knowledge of the internist about 
Toxoplasma is next to nothing. If it were streptococci we were isolating from 
these cases, then the physicians would be more likely to sit up and take notice. 
Then we could talk their language. Familiarity with Toxoplasma and toxo- 
plasmosis is the only reason why the internist will become interested. 

Siim: One thing at least can be shown. You can prove that the diagnosis is 
correct in about 75 per cent of the cases because that is the percentage of cases 
in which Toxoplasma can be isolated when the serological reactions are strongly 
positive (Table 9). 

Remington: I should be interested in hearing from anyone else who has had 
experience with such cases. How do you feel about establishing the diagnosis on 
the isolation of the organism now that data have been presented that show 
isolations of Toxoplasma from chronic cases? Does isolation mean that this 
organism is the etiology of the illness in the patient from whom it was obtained? 

Maumenee: You mean, there is a latent infection which has superimposed 
itself upon another disease and that you are isolating an incidental organism 
from a lymph node? 

Remington: I hope it is toxoplasmosis because that is what I am working with, 
but I do not know, and that is really what I would like to know. 

Eyles: We know from laboratory cases that lymphadenitis is produced by the 
disease. 

Kaufman: I think the problem is not whether lymphadenopathy is produced by 
the disease, but whether one can be absolutely certain, even though he isolates 
an organism, that the symptoms are caused by toxoplasmosis. For example, 
reports of isolations of the organism have been made from the heart in patients 
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who are not obviously ill.* Dr. Remington has found them in the uteri of women 
not obviously ill. They have been found in muscles of various healthy animals. t 
The possibility remains that even if one isolates the organism, this isolation might 
have been incidental as far as the cause of the clinical disease is concerned. 

Eyles: That is true, but what I meant is that there are enough cases that are 
known to be toxoplasmosis and this syndrome is similar to them, so that you are 
being sort of a stickler if you say, ‘“Well, maybe the disease was due to some other 
agent and toxoplasmosis just happens.”’ Maybe that occurs sometimes. 

Remington: I am agreeing with you but I am trying to prove it to other people. 
That is the difficulty. 

Eyles: Have you shown them the case reports of the laboratory infections, 
which I am pretty sure were toxoplasmosis? 

Halbert: It seems to me that one would like to have a very large control series, 
in which lymph nodes or muscle biopsies from apparently normal individuals 
and from patients with other known infections, bacterial or viral, are tested to 
see how frequently Toxoplasma can be isolated. Then, you will have a clear 
basis for comparison with patients suspected of having Toxoplasma disease. 

Remington: This is a very difficult thing to do in living people. That is the 
problem. I admit, if we could do paired controls, there would be no problem in 
proving what I believe to be true; that is, that a certain percentage of these 
cases are certainly toxoplasmosis. 

Feldman: Are you not getting two different situations mixed up? Siim is talking 
about people with acute illnesses, with serological data compatible with acute 
illness, a somewhat different situation from doing routine sections of heart or 
lymph node or anything else. You can routinely take out mesenteric nodes in 
every laparotomy. That is no problem. 

Remington: The first thing I am talking about is the same thing exactly that 
Dr. Siim has done. 

Feldman: With evidence of an acute infection; that is correct. 

Remington: Yes, and even with isolation of the parasite, in some cases. 

Feldman: That is as much as you do to establish a diagnosis of pneumococcal 
pneumonia. Should you do more in adenitis? 

Remington: That is the problem in toxoplasmosis. Many people have worked 
on pneumococcal pneumonia, but very few have run a series on toxoplasmosis, 
other than a few incidental cases. Physicians in internal medicine are loathe to 
accept the data when we present them, I think, mainly because not enough 
people have done them in series; one case here or there, yes, but not a large series. 

Hogan: Dr. Siim, do the housewives you mentioned earlier have this lym- 
phadenopathic form of toxoplasmosis? 

Siim: Yes. 

Hogan: Why should it be more common in housewives than in children? I 


* B. H. Kean and R. G. Grocott: Asymptomatic toxoplasmosis. Am. J. Trop. Med. & 
Hyg., 27: 745-748, 1947. 

+ J. S. Remington, L. Jacobs, and H. E. Kaufman: Toxoplasmosis in the adult. New 
England J. Med., 262: 180-186, 237-241, 1960. 
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think you cited quite a number of examples of children in your previous study. 

Siim: When you study the adult material we have, three quarters of the 
material is composed of housewives. 

Hogan: Is this because the housewives are more available? 

Siim: Well, perhaps, that is a statistical error. I should like to point out that 
the clinical report establishes only a suggestive diagnosis of toxoplasmosis. For 
only a biopsy can exclude the coexistence of a malignant disease. This is very 
important for we have seen 2 cases in whom sarcoma and reticulum cell carcinoma 
occurred in the same patient, who also had toxoplasmosis. 

Hogan: I can imagine some of the more benign forms of the disease not causing 
enough disability to keep the child from going to school or the husband from 
going to work, and, in fact, I have seen cases like this. No disability resulted, and 
therefore, it seems you might never see a case of this type in your study, whereas 
a housewife might have time to go to the physician for a consultation. 

Beverley: With reference to your question about the lack of ocular manifesta- 
tions, may I ask one question before I go on to say something? Your isolations 
that you made from mouse inoculations, were they made by finding that the 
mice developed dye test antibodies? 

Stim: Yes, and demonstrating Toxoplasma in every case in the brain or the 
spleen of the mice. 

Beverley: Did the mice die? 

Siim: No, only one out of almost a hundred strains killed mice. 

Beverley: That has been our experience with strains from human adenopathy 
cases. It has also been our experience with strains isolated from rabbits, cats, 
pigs, sheep, and lambs. The only strains which we have isolated that have been 
readily adapted to the mouse peritoneum and have produced fatal generalized 
infection in mice, have come from congenital human cases. I wonder whether 
or not the Toxoplasma, during its phase of growth in the embryo, which has no 
antibody mechanism and has a large amount of steroids, would during that 
period undergo an exaltation of virulence. This exaltation of virulence might be 
one reason why one gets eye changes and intracranial changes which are not 
noticed in the milder infections of the adenopathy type case. 

‘eldman: There are several other possibilities. I am certain that there must 
be a relation between the adaptation of a strain and the degree of disease that it 
produces in a given species. In ordinary human infections, it is safe to say that 
they represent first-passage human infections, and, perhaps, are not much differ- 
ent from what might be observed in a first-passage mouse infection. A congenital 
infection represents a second-passage human infection, which is somewhat 
different from first passage. Therefore, the difference in spread or the difference 
in disease expression in the fetus may represent second-passage disease, which 
would be more severe than the first. This is one possibility. 

The other is the question of inherent increased fetal susceptibility. We became 
interested in this several years ago. I really do not think that this is so but we 
set about trying to study the defense mechanisms available to the fetus. At 
term, and, in fact, throughout the entire third trimester, there seems to be about 
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as much antibody, complement and activator, which in turn represents comple- 
ment to a degree, in the fetal as in the maternal circulation. 

Beverley: In the last trimester? 

Feldman: Yes, in the last trimester. This made it imperative that we try to 
study the fetal circulation in the second trimester, which is a little bit more 
complicated. But we got several such babies or fetuses, and we were able to get 
blood from them. 

Interestingly enough, the amount of magnesium, which would be another 
variable and is an unknown quantity at that stage of pregnancy, is about the 
same on both sides of the placenta. The amounts of complement, antibody, 
specific antibody, and activator are quite different. When we got down to about 
the 16-week fetus, we could not demonstrate any of these factors on the fetal 
side, except in such small amounts as to represent, perhaps, contamination. But 
there is a very marked difference between the maternal and fetal circulations; 
so I think, although we need to do more of this, that there may be an addition 
to the number-of-passage business that I mentioned first, that there actually is 
a decided difference between the maternal and fetal circulations in terms of 
nonspecific antibody accessory agent, as well as antibody. There is not much of 
the latter in the fetal circulation. 

Another way to study this is in the chick embryo, and we have done this too. 
In the chicken, you know, as in other animals, you get nonspecific protective 
activity. So we went to the embryo and began bleeding it at daily stages in its 
development to see when this appeared. Interestingly, it never appears in the 
embryo, but can be noted about the 42nd postpartum or posthatching day. 
Thus, in the chick embryo, there is not the same nonspecific protective mecha- 
nism that is found in a chicken. This may be an aspect, too, of the same problem. 

Remington: I think that it might be brought up here that even though antibody 
to Toxoplasma diffuses across the placental barrier, there is no proof that it 
protects the infant. As Dr. Feldman brought out, if antibody is found in chicks, 
it is questionable whether this has any effect on their protection, especially in 
the absence of the nonspecific factors. 

Feldman: Well, this is part of the problem. It is an imponderable which we 
cannot answer. But, actually, if you try to reason it out by putting other bits of 
information together, you would have to assume that by the time the fetus 
becomes infected, there is maternal antibody. I think that there is sufficient 
evidence in the few placentas that have been studied that there is a nidus in 
them from which parasites can spill over into the fetal circulation; at least, 
there have been several placentas studied in which there were such necrotic foci, 
and from which the fetus presumably became infected. But this requires time. 
It means that the mother became infected, there was parasitemia, and there was 
then implantation in various tissues. Then followed some local destruction of 
tissue and spilling over into the fetus. Timewise, I think, this would permit 
some antibody to be produced by the mother and to come over into the fetus. 

How much antibody you need in order to be protected is something nobody 
knows. All we know is that we measure excess antibody and assume that this 
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means some protection. I would think that there ought to be some protection of 
the fetus, instead of the almost invariably diffuse dissemination of organisms in 
fetal tissues. But, apparently, there is a lack of nonspecific materials, so that the 
antibody functions vary much as in the mouse, leaving the fetus really at the 
mercy of the parasite. 

Frenkel: The nonspecific accessory (activator) factor that you are referring to, 
is it the material you test in the dye test? 

Feldman: Yes. 

Frenkel: And you test it when it appears in the developing chick and measure 
it in the dye test? 

Feldman: Yes; that is, unheated chicken serum will kill Toxoplasma. 

Frenkel: Do you feel that this factor has a bearing on actual infection? Are 
baby chickens up to about 42 days much more susceptible to toxoplasmosis 
than chickens after 42 days? 

Feldman: No, I do not think this protects them. These are peculiarities of 
shed blood, I do not know what it does in vivo. The reason why we did this was 
that it is sometimes quite difficult to adapt a Toxoplasma strain to chick embryos; 
in fact, the RH strain was not adapted to eggs until some years had gone by. 
We had the same experience with the pigeon strain that we isolated. It would 
not grow in embryos in its initial passage. Therefore, one of the assumptions 
was that, perhaps, the embryo was so heavily loaded with nonspecific activity 
that it would protect itself, but, apparently, this is not true. 

Frenkel: But would you be willing to state flatly that it is not known whether 
the nonspecific accessory factor demonstrable in the dye test has any bearing 
on the resistance to infection, or would you feel that this does influence patho- 
genicity in some hosts? 

Feldman: Oh, I do not know. I think that it does not protect against infection. 
I suspect that it probably has the effect of diminishing the number of infectious 
units or particles that enter the animal, perhaps, but does not get rid of all of 
them, and therefore infection takes place. This is similar to the bactericidal 
activity of blood. The answer is, we do not know. 

Frenkel: The other thing is, these necrotic foci of the placenta that you speak 
of, were they associated with Toxoplasma? As you know, placentas are full of 
necrotic foci. 

‘eldman: No, this is in the case of fetal infection, where parasites are demon- 
strable. 

Frenkel: It has been reported in the literature, that you personally have seen 
these. Has this been verified? 

Remington: Yes, by Beckett and Flynn and Neghme.* 

Feldman: There are parasites in those sections. Of course, it is unusual to get a 
placenta. They usually get thrown out when we ask for them. 

Halbert: I think it is important to bear in mind, when you speak of the lack 
of protection of antibody against the infection, that the antibody responses in 
humans are multiple. Dr. O’Connor has shown that at least five distinct anti- 


*R.S. Beckett and J. F. Flynn: New England J. Med., 249(9): 345, 1953; A. Neghme, 
et al.: Biol. inform. parasitol. Chile, 7: 6, 1952. 
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bodies develop against Toxoplasma products, and it is conceivable that only 
one of them is of importance in resistance. Until we can separate these compo- 
nents and decide which is the important antigen, or antigens, in protection against 
disease, it is going to be very difficult to draw any conclusions about the over-all 
antibody studies which have been done. 

Remington: We do not know that the antibodies measured in the dye test will 
kill Toxoplasma. This is the same antibody that crosses the placenta and is 
present in the serum of the fetus. 

Feldman: Just the same as neutralizing antibody. 

Kaufman: Yes, that is right. 

Halbert: Well, is this only the result of a single antibody effect, or is it the 
result of several antibodies acting on different antigens on the cell surface? 

Feldman: The antibody which requires a heat-labile serum system for activity. 

Kaufman: When dye tests are done with dilutions of immune serum, a certain 
proportion of organisms no longer stain. If one group of organisms is incubated 
with dilutions of immune serum and a similar group is incubated with nonimmune 
serum, and if the same number of organisms from each group are inoculated into 
tissue culture, the relative number of viable organisms surviving the serum 
exposure can be determined by staining the cultures and comparing the number 
of cells invaded. The proportion of viable organisms determined by this technique 
parallels the number of stained organisms. The relative number of killed organ- 
isms, as measured by the decrease in cells invaded, parallels the number of 
unstained organisms and provides further evidence that dye test antibody is a 
neutralizing antibody which requires heat-labile activator to be effective. This 
correlation of staining with viability is extremely good. 

Feldman: But I would like to emphasize again that—and this is off the subject, 
maybe—the dye was only put into the dye test for convenience. The original 
test was quite different. In the test as originally performed, it was found that 
the walls of Toxoplasma exposed to antibody and activator lost their sharpness, 
or their integrity. This can be seen in a wet film without any difficulty, without 
any dye at all. 

If you permit such organisms to dry down on a slide, those that have been 
affected by antibody and activator disintegrate, and all you are left with, if you 
look long enough and become sharp enough, is a little bit of nuclear material, 
such as you might find in a thick-film malarial smear. The walls are gone. These 
organisms are dead because the membrane of the cell has actually been destroyed 
by this combination, not by either one alone. Whether the dye goes in or out is 
totally immaterial; in fact, you can use reverse dyes which will stain the dead 
ones and not the live ones. 

Hogan: Dr. Feldman, are you really sure that the walls are destroyed in these 
organisms? 

Feldman: They will not resist drying. 

Remington: The walls are not destroyed as seen by electron microscopy as 
shown by Thalhammer. They published a picture of this in Adult Toxoplasmosis.* 


* 0. Thalhammer,: Adult Toxoplasmosis, Munksgaard, Copenhagen, 1960. 








Fig. 73. RH strain of Toxoplasma. One hour after exposure to dye test antibody. Two 
organisms showing degeneration of the cytoplasm and organelles. X 50,000 

Fig. 74. RH strain of Toxoplasma. One hour after exposure to Toxoplasma antibody. 
Note the intact plasma membrane and the vacuole formation and clumping in the cyto- 
plasm. The mitochondria are displaced to the periphery. X 50,000 
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Hogan: Electron microscopic studies show that the walls are intact, but the 
cytoplasm of the cells and the nucleus are affected. I have some pictures if you 
would like to see them. 

Feldman: No, I do not think it is the same thing, because they lose their 
refractility which is very sharp and very definite in the undamaged cell. 

Goldman: I think, perhaps, the question is one of semantics. When you say 
the walls are destroyed, I think that the walls are changed so that they become 
more fragile and there is a great loss of internal material. 

Feldman: They just disintegrate when they are dried. 

Goldman: They might still be demonstrable electron-microscopically if they 
are handled in a certain way. 

Hogan: Figures 73 and 74 show the damage to the cytoplasm, the nucleus, 
and the mitochondria, as the result of Toxoplasma antibody. The walls are still 
intact but the cytoplasm has become amorphous and is aggregated into clumps. 
The nuclear material also shows the same changes, and the nuclear membrane 
is intact. Some organisms already have degenerated. 

Leopold: Do you have the normal? 

Hogan: Yes. You see, the organelles are fairly visible in Figure 75. The tox- 
onemes and the cytoplasm have a uniform appearance. 

Maumenee: Is this just the way the picture was taken or is it two-layered? 
In the normal, it looks as though it is a two-layered wall. 

Frenkel: Is that normal? 

Hogan: Yes, it is the normal. The other picture is the one that has been 
exposed to antibody for an hour. The cell membranes are intact, but the principal 
effect is on the nucleus and the cytoplasm. 

Frenkel: Would you say, though, in the last picture, the cell membrane looks 
a little poorer than the normal ones? 

Hogan: Yes, but you can still make it out pretty well. 

Frenkel: It has lots of holes in it, though. 

Hogan: I do not think so. The membrane of the cell is ruptured in Figure 74, 
but I believe otherwise it is intact all the way around. 

Frenkel: How do you think the cytoplasm flows out? 

Hogan: I think it is denatured somehow, and diffuses out. 

Frenkel: I have become impressed by the evidence presented by Desmonts* 
in Paris, who shows that the cytoplasm lyses. The wall is pretty well preserved, 
but not perfect. 

Hogan: Well, Dr. Feldman gave the impression that it was destroyed but in 
the ones we have seen, it is not. 

Feldman: If you look at the normal parasite, one in negative serum, it has a 
very sharp, highly refractile membrane. Its margins are very clear. They stick 
out just like a sore thumb without any dye. When you treat it with antibody 
and activator this sharpness of the outer membrane becomes lost, it becomes 
very poorly refractile and almost a fuzz. Now, if you let the two dry down, the 


* Desmonts: La Semaine des Hopitaux de Paris, Sept. 1-6, 1955. 
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Fic. 75. RH strain of toxoplasmas in mouse peritoneal fluid. Four-day culture. Two 
extracellular and three intracellular toxoplasmas. This photograph shows the normal 
structure of Toxoplasma for comparison with Figures 73 and 74.CM = host cell membrane; 
Mit = mitochondria; E = endoplasmic reticulum. X 17,400 


first one will resist the drying strains or stresses produced by capillary attraction 

and the one that was treated will rupture. What you have left, then, is a little 

bit of nuclear material that you can pick up and again stain with Giemsa. 
Kaufman: Do you not think it is possible that a change in the cytoplasm 
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could change the apparent refractility of organisms and also change the internal 
osmotic composition? I think this is conceivable. 

Feldman: Well, we know that the antibody sticks on the outside. 

Kaufman: Is that right? 

Feldman: Yes. You can demonstrate that antibody will be adsorbed on the 
surface of the cell, but nothing happens until you add activator. I was saying 
this morning that I had begun to think that maybe the organism drinks this 
through its mouth and that this is an internal reaction. But I think the evidence 
shows that it is on the outside. 

Now, what happens when you add activator to the antibody is rather fasci- 
nating. When you add antibody alone to the organism, nothing happens to its 
metabolism, but the minute you provide activator, it goes. It is just as though 
you added phenol to it. 

Beverley: I wonder if we are failing to see the events in their proper sequence. 
We assume that at one phase there is a maternal parasitemia, presumably from 
a subclinical infection, and at that stage, the mother may or may not have 
antibodies. If they are present, they will probably be only in very low titer. The 
organism, somehow or other, gets across the placenta. I think that most people 
will agree that subclinical infection generally will not stimulate the formation of 
high antibody levels. How does the mother of a congenital case come to develop 
high antibody levels? Is it that there is a return of antigen from the fetus to the 
mother? If that is so, high antibody levels will not develop in the mother until 
the fetus has been damaged, and therefore they will not get back to the fetus 
from the mother in large amounts until it (the fetus) has suffered even more 
damage. I wonder if that is, perhaps, the sequence of events? 

Siim: We see just as high antibody titer in the subclinical cases as in these 
other cases. 

Beverley: Occasionally or regularly? 

Siim: Regularly. 

Remington: How do you know they are subclinical cases? 

Siim: On routine examination of a family, you find cases where lymph nodes 
are present, but have not been observed, and where you are able to isolate 
Toxoplasma from these lymph nodes. 

Beverley: I do not want to quibble, but I would not have called those subclinical 
cases, because there is some clinical finding. The type of case to which I was 
referring is like what we have noticed in some of our technicians. When they 
first come to us, they are youngsters and they are often seronegative. Now, we 
realize it was probably very naughty of us to let them do Toxoplasma work, but 
we did do so. Some developed dye tests of, maybe, 1 in 16 or 1 in 32, but they 
were never ill in any way. The dye test never rose any higher than those levels. 
This is what I meant by subclinical infection. Has anyone else had the same 
experience ? 

Feldman: This is very difficult. I have seen a case of a man who had acute 
myocarditis plus a few other things with serological evidence of an acute infection 
with Toxoplasma. We then bled his wife and 9-year-old daughter; the daughter 
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had no antibodies but the wife had a titer of 1:16,000. She was well and said 
that she had not been ill. Well, we questioned her further and further and 
eventually she remembered that she had had what she thought was a mild 
respiratory infection, with some cervical adenopathy at about the time when her 
husband became ill. Now, if we had not persisted in our questioning, she would 
have been considered to have had an inapparent infection but because we found 
the antibodies and persisted in our inquiry, we were able to conclude that she 
had had an illness. 

Beverley: But that was the other way round. You found the high antibodies, 
and therefore you went after a cause. 

Feldman: It is no different than going the other way, though, is it? 

Beverley: But we found no antibodies initially and, with repeated examinations, 
never got a high antibody level. 

Eyles: Has any other laboratory observed that people working there are de- 
veloping low antibody titers? We never saw that. 

Stim: Never. 

Eyles: Miss Melton was telling me earlier today that in their laboratory 
people have remained negative for years. 

Melton: I have been negative for 10 years and am still negative. I have been 
working with it for 10 years. 

Eyles: And then they have had two laboratory cases that became half-positive. 

Frenkel: Could this be nonspecific antibodies—the thing that Dr. Beverley 
mentioned? 

Feldman: I do not know. If it is antibody, and I hope it is, we have not had 
this happen in our laboratory. I get apprehensive, too, because, occasionally, we 
hire girls who do not have antibodies, and this is rather distressing. I always 
tell them to let me know as soon as they are liable to become pregnant, so we can 
get them out of the lab. But several have stuck themselves with needles and 
nothing has happened. 

Beverley: Do you have a regular source of activator, because we have found 
that they are liable to become seropositive? 

Feldman: No. We use medical students. 

Frenkel: I have had activator donors, too, who were first completely negative, 
and then, for a while, I could not use them because they developed “low titer 
antibodies.” One of them got back to negative, and the other one stayed at about 
i to 8 or so. This was when I was in the Rocky Mountain Laboratory in Montana 
and there was no problem doing the dye test there. I could always find somebody 
else. But in Kansas, I tested over 20 medical students and they all had the 
nonspecific “antibody.” I have never found a satisfactory accessory factor serum 
since then, and I stopped doing the dye test. I cannot do it, practically, since 
they all have these low titers. I do not know what it is. 

Goldman: This is something that I thought might come up later regarding 
this nonspecific factor. In our experience, if you take that donor and dilute his 
serum and use it at, say, 60 per cent concentration, he will be a perfectly good 
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activator and give a perfectly good dye test, and you have no trouble; in fact, 
you can take cow serum or calf serum and use it at perhaps 20 per cent concen- 
tration and get a good dye test. 

What you are throwing away therefore are the best and strongest accessory 
factor donors that you have. However, by dilution, you can use the individuals 
quite well. We have been doing it for a long time. 

Beverley: I did not mean that activator factor was altered. I mean that 
they actually do develop dye test antibodies. 

Goldman: My comments were directed towards what Dr. Frenkel said. This is 
definitely not antibody, in that when this serum is heated it will not give an 
antibody reaction in the dye test. This serum has no antibody activity. 

Frenkel: Dr. Beverley, do you inactivate these laboratory workers’ sera before 
doing a dye test, and then add extraneous accessory factor? 

Beverley: No, we do not inactivate any human sera. 

Frenkel: In this case you could not distinguish between having an actual 
titer and excess accessory factor or nonspecific anti-Toxoplasma factor. You 
could not distinguish it since in either case you would not get a dye test “titer” 
higher than 1:16 or 1:32? 

Beverley: Yes. I was under the assumption that nonspecific factor did not 
occur in humans to a titer of such a height as 1 in 16 or 1 in 32. 

Remington: That is true. 

Goldman: Some of our donors, for example, if the serum is tested unheated, 
will be active, if not to a 50 per cent end point, perhaps to a 30 per cent modified 
end point, at 1 to 8. That is not uncommon. And then that serum, heated and 
tested with other accessory factors, is absolutely negative. 

Remington: But you would not expect it at a titer of 1:32? 

Goldman: Not in humans. I do not think we have gotten as far as 1 in 32. 
But in animal sera, it has gone that high. 

Beverley: Oh, yes, that is true. 

Remington: Have you seen an accessory factor higher than that, which would 
give you a positive dye titer test? 

Feldman: In the human, no. 

Frenkel: How high have you seen it? 

Feldman: In the human, | to 4. But what Dr. Goldman said about the animals 
is perfectly true. It is a little tricky, but we can dissociate, in an animal serum, 
the nonspecific anti-Toxoplasma factor from activator. We can demonstrate a 
constant difference between them, and we can dilute rabbit or cattle serum to 
a point where we could use it as activator. We have never wanted to use it, 
though. 

Goldman: We do not do it routinely. 

Feldman: I suppose it is pure habit, but it can be done. There is, obviously, in 
the heat-labile serum system, a tremendous spectrum of activity and materials, 
the composition of which we do not know. We say that four of them are involved 
in complement, another is called properdin, but there are probably dozens and 
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dozens of things which, somehow, in some kind of relation to each other, when 
exposed to a particular test system, give you a particular finding. In one case, 
you killed Toxoplasma. 

Remington: Dr. Feldman, do you think it necessary to inactivate sera for use 
in the dye test? 

Feldman: I do not think so. We do it simply to standardize all of it. We know 
we start off with negative sera then. I think it works out well. 

Lainson: Certainly one should inactivate animal sera. 

Feldman: Oh, yes, certainly. 

Halbert: I wonder if Dr. Feldman or anybody else has done an epidemiological 
study in which a group of children, say, of school and preschool age, have been 
sampled at monthly intervals, perhaps, and had dye test titers done. This might 
determine how many subclinical infections occurred, how many clinical infections 
occurred, whether they were mild, and so on? 

Feldman: Well, children under 10 years old would be the wrong group to take 
in our area. In Tahiti, this is probably where you would have to work. In our 
area, children under 10, or, let us say, children under 5, would be almost uni- 
formly negative. There is minimal probability of acquiring the infection in the 
first 5 years of life making it so remote, that you would have to do the entire 
city in order to detect a few. Between 5 and 10, the chances are a little better, 
but not very much so. But this is the purpose of studying whole populations. 
You then can find the place where you ought to go to settle a particular point. 

Halbert: That has not been done as yet? 

Feldman: No. I should also point out that in Dr. Beverley’s home city of 
Sheffield, the findings are not any different from what they are among the Navajo 
Indians, a population of somewhat different character. 

Zimmerman: One question for Dr. Siim: He implied that in many of the lym- 
phadenopathic cases, the histopathological interpretation was very important. I 
just wonder how far you thought you could go from just the histopathological 
characteristics of the lesion. Do I misinterpret what you said, Dr. Siim? 

Stim: No, we have not yet compiled the whole of our material. However, I 
think that it is quite a characteristic picture but not at all pathognomonic. 
Exactly the same changes were demonstrated in Oxford by Robb-Smith in 
lymph nodes from patients with kala-azar, and in the early stages of malignant 
lymphogranulomatosis by F. Bang in Denmark. Wahlgren in Sweden has seen 
the same changes in lymph nodes from patients with negative seroreactions. 
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INTRODUCTION 


The pathogenesis of toxoplasmosis of animals and man has been discussed 
previously in review form considering among others microbial factors, natural 
resistance of hosts, the acquisition of immunity over a period of time in various 
organs of one host, hypersensitivity, persistent chronic infection in various 
organs, and corticoid-induced relapse with renewed generalized infection.!: 2 
Special emphasis has been placed on the difference between the proliferative 
forms (Figs. 76, 77) destroying cells by actively parasitizing them, as opposed 
to the cysts (or pseudocysts) (Figs. 78-80) which are innocuous when intact, 
but produce lesions following their rupture, whether or not accompanied by 
renewed proliferation of the liberated organisms. 

Since retinochoroiditis may be produced by proliferative forms as well as by 
cysts in both man and hamsters, the only hosts intensively studied, a thorough 
analysis of mechanisms that may play a role in pathogenesis is imperative.*: 4 
In order to shed further light on the elusive occurrence of cyst rupture in the eye, 
this event will be illustrated with the larger Besnoitia cysts which can be observed 
by ophthalmoscopy. Actual rupture and its inflammatory consequence are easily 
documented, and the persisting heavy cyst wall marks the lesion for a long time. 
Following a narrative discussion of the phenomena and lesions accompanying 
the infection in experimental animals, the pathogenetic mechanisms operative 
in each of the several syndromes associated with human toxoplasmosis will be 
discussed. 


CONCEPTS AND TERMINOLOGY 


Microbial attributes of importance in pathogenicity include the capacity to 
invade cells or to be phagocytized, the ability to utilize substrates available in 
the host cell, to multiply or at least to persist (resist digestion) either as prolifera- 
tive or cyst forms intracellularly, as a consequence of which dysfunction or 
destruction of cells is produced. The degree of dissemination during the acute 
infection is generally a concomitant of high rates of multiplication and the passive 
carrying of organisms to other areas via lymphatics and blood stream, probably 
in leukocytes and free. No toxin or enzyme has been well defined as participating 
in pathogenesis. 

Immunity (acquired, total) is used here to describe the altered host responses 
developing one to several weeks after infection which tend to contain, diminish, 


* Supported in part by research grants from the National Institute of Allergy and In- 
fectious Diseases, National Institutes of Health, Public Health Service. 
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Fig. 76. Proliferative Toxoplasma from lung. Impression film. Giemsa, « 880 


and terminate infection. In toxoplasmosis this involves cellular immunity, 
reflected by enhanced phagocytosis and digestion of microorganisms by phago- 
cytic cells, macrophages par excellence. Likewise there is humoral immunity, 


antibody, presumably measured by the neutralization, dye and hemagglutination 
test. Lysis of extracellular Toxoplasma has been shown by Desmonts® to take 
place in the dye test in vitro. If this phenomenon occurs in vivo it would curb 
hematogenous and intercellular dissemination of the infection. Antibody does not 
affect intracellular Toxoplasma as shown by Sabin and Feldman* when they 
described the dye test. 

Hypersensitivity is used here to describe the exaggerated necrotizing and 
accelerated inflammatory response with a harmful effect on the host observed 2 
to several weeks after the onset of an infection. As a consequence of hyper- 
sensitivity uninfected tissue cells may be killed by the presence of antigen, 
which was innocuous prior to infection. 

While occurring frequently together in a host, phenomena accompanying 
infection in the complete host are assigned to either immunity or hypersensitivity 
according to the criteria stated. Pharmacological amounts of corticoids reduce 
both immunity and hypersensitivity. Cellular immunity is affected, especially 
the digestive capacity of macrophages, and likewise the elaboration of antibody. 
There is much evidence to show that phagocytic activities and established 
antibody levels, as well as direct interaction of antibody and Toxoplasma are 
not affected by corticoids. Since it is possible to separate hypersensitivity from 
certain aspects of immunity, not only pharmacologically, but immunologically 
by desensitization, it is most useful to keep these concepts clearly separate. 

















Fic. 77. Proliferative Toxoplasma from lung. Chronic infection in hamsters with re- 
current pneumonia 13 days after the daily administration of 2.5 mg. cortisone acetate 
(RH strain). Periodic acid-Schiff hematoxylin stain, XK 340 

Fic. 78. Cyst of Toxoplasma in retina of hamsters. About 130 organisms were counted 
in serial sections of this cyst. The individual organisms stain darkly owing to their content 
of glycogen. The cyst wall is not visible. Lens (above) with capsule (staining darkly) has 
become attached to retina. Disorganization of retinal layers, separation from choroid below 
with slight hemorrhage. Duration of infection with RH strain: 7 months. Periodic acid- 
Schiff hematoxylin stain, X 340 

Fic. 79. Two cysts of Toxoplasma in retina and adjacent to chorioretinal vesicle. The 
cyst wall is well demonstrated. Duration of infection 4 months; with a porcine (S) strain 
inoculated subcutaneously. See also Figures 84, 85, and 86 which are from same eye and 
area. Wilder’s reticulum impregnation, X 340 

Fic. 80. Cyst of Toxoplasma in myocardium of human case (sections courtesy of Drs. 
E. H. Kass and 8. Andrus). Organisms are prominent due to their content of glycogen and 
the cyst wall is not visible. Focus of myocarditis presumably is sequel of cyst rupture. 
Small lipofuscin granules in each cell. Periodic acid-Schiff hematoxylin stain, K 340 
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EXPERIMENTAL TOXOPLASMOSIS 


Model. To study different degrees of severity of toxoplasmosis a large number 
of mice or hamsters are infected with a virulent laboratory strain; smaller groups 
of animals are then given sulfadiazine in food or drinking water, using a regular 
progression of concentrations. Figure 81 shows such an experiment, employing 2 
strains of Toxoplasma (RH and CJ) in mice. Untreated mice, and mice treated 
with 3.75 mg. per cent of sodium sulfadiazine in drinking water uniformly die, 
whereas with higher drug doses an increasing percentage of mice, first of the CJ 
and then of the RH strain, survive. Those succumbing do so after an increasingly 
protracted illness. Whereas the untreated mice die with a large subcutaneous 
lesion at the injection site, with marked pneumonia (proving fatal) as well as 
with hepatitis, splenic necrosis and lymphadenitis, those mice surviving longer 
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Fia. 81. Effects of sulfadiazine dosage on subcutaneous Toxoplasma infection in mice. 
Note prolonged survival on 7.5 mg. per cent dose. Virtually all mice infected with CJ 
strain survive on 15 mg. per cent dose; it takes 60 mg. per cent to permit survival of mice 
infected with RH strain. In highest dose, chronic infection persists in 20 per cent of RH 
infections and 40 per cent of CJ infections. 
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Fic. 82. Effect of duration of chemotherapy (EDiw) on experimental toxoplasmosis 


in white mice. In a comparable experiment using the CJ strain all animals except one sur- 
vived. 


than 2 weeks die mostly with encephalitis, in the presence of subsiding pneumonia 
and hepatitis of a mild degree. 

Mice treated with the higher drug dosages survive, as long as treatment is 
continued. Following cessation of chemotherapy, a certain number of mice will 
die with active toxoplasmosis indicating that immunity had not been acquired. 
This is especially common with certain strains, such as the highly virulent RH 
strain, or if chemotherapy was of too short duration to permit the acquisition of 
immunity, or if such high drug concentrations were used that toxoplasmic pro- 
liferation and hence the antigenic stimulus was insufficient for immunity to 
develop (Fig. 82). To develop adequate immunity in a number of mice, inter- 
mittent treatment with intervening challenge should be used.’ 

Proliferative organisms. In the infections so far described, lesions were produced 
by actively proliferative Toxoplasma organisms, which multiply only intracellu- 
larly and mechanically disrupt cells by their numbers and in consequence of 
their utilization of intracellular substrate. Only infected cells are destroyed, 
which is especially apparent in cell culture, where discrete foci of necrosis are 
seen.* In the complete animal host, of course, a similar focus of necrosis is accom- 
panied by inflammatory cells. In the absence of chemotherapy, the capacity to 
enter new cells, the rate of proliferation, the amount of specific local and general 
metabolic damage, determines the severity of acute infection before immunity 
is acquired. 

Cysts. Mice surviving the acute infection generally remain infected and only 
a minority are parasitologically cured. Infection persists principally, but not 
entirely, in the cyst stage (Figs. 78-80), that is numerous organisms occurring 
within an argyrophilic and periodic acid-Schiff (PAS)-positive cyst wall, which 
shows a remarkable lack of chemotactic properties. Instead intact cysts can be 
found in the brain, heart, skeletal muscle and elsewhere without any inflamma- 
tory reaction. In the brains of mice infected with the RH strain, dormant cysts 


* The designation Toroplasma comes from tox6én, a bow or arc, referring to the crescentic 
shape of the organism, and not to toxicity as implied by some. 





804 SURVEY OF OPHTHALMOLOGY 


are frequent; disintegrated cysts and lesions rare. In golden hamsters infected 
similarly with the RH strain, cysts are frequent but so are microglial nodules and 
other evidence of cyst breakdown and rupture. In guinea pigs, cysts are more 
common in the myocardium than in the brain. 

Hypothesis of cyst rupture. The presence of microglial nodules in the brains of 
mice and hamsters with chronic toxoplasmosis, unaccompanied by proliferative 
organisms, first drew attention to the possible pathogenetic role of cysts.’:* 
Similar lesions during the 3rd and 4th week of infection were accompanied by 
proliferative Toxoplasma, which, however, could no longer be identified during 
later chronic infection. Hamsters infected with the RH strain in particular de- 
veloped a progressive syndrome characterized by irritability, hyperactivity, 
choreiform movements, tilting of the head, and running in circles. This was 
followed by appearance of weakness of hind legs, loss of bladder and bowel] 
control, posterior paraplegia, emaciation and death.! 

Cerebral lesions in these hamsters consist largely of microglial nodules (Fig. 
83) accompanied by astrocytic gliosis, together with occasional small infarcts. 
Superimposition of the lesions in certain functional tracts results in a clinical 
progression of lesions (Fig. 47). Toxoplasma cysts are scattered diffusely through- 
out the brain but are not seemingly related to these lesions. However, a few early 
necrotic lesions were observed where what appeared to be a remnant of cyst- 
forms of Toxoplasma could be detected.! 

Retinal lesions associated with cysts in hamsters consisted of retinal separation 
and the accumulation of exudate in a chorioretinal vesicle (Figs. 84-86) in 
addition to the necrotic, inflammatory and scarred lesions that also characterize 
toxoplasmic proliferation (Fig. 87).* 

The presence of well developed cysts in the brain and retina of hamsters, 
together with early and late lesions, suggested cyst rupture as the etiological 
mechanism. A contaminant pleuropneumonia or viral infection could reasonably 
be excluded by culture and by subinoculation of brain tissue of affected hamsters 
which had been frozen to kill Toxoplasma. Such inocula did neither produce 
lesions nor did they immunize hamsters to the later production of such lesions, 
as induced by an inoculum of cysts or of proliferative organisms from the peri- 
toneal exudate of acutely infected mice. 

Attempts were made by direct ophthalmoscopy to detect early lesions resulting 
from the presumed rupture of Toxoplasma cysts ata stage when cyst wall 
remnants could still be identified. These proved fruitless in a small series of 
hamsters which were followed for several months.’ In the hamster eye Toxo- 
plasma cysts measure only 20 to 40 yu in diameter and are therefore too small to 
be visualized. Likewise, early individual lesions are not accompanied by sufficient 
vitreous exudate to be recognized. However, with the larger Besnoitia cysts 
rupture could be observed ophthalmoscopically and the thick cyst wall remaining 
aided in identifying a complete series of stages following cyst rupture in the retina, 
which will now be described. 
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Fic. 87. Chronic relapsing retinochoroiditis due to proliferating Toxoplasma. RH 
strain infection of 10.5 months duration. The arrow points to 3 organisms. Edge of lesion 
with atrophic outer nuclear layer is still visible on left. The granules in the center and 
right are dispersed retinal pigment. Periodic acid-Schiff hematoxylin stain, X 260 

Fia. 88. Intact cyst of Besnoitia jellisoni in retina of hamster. Eye enucleated 107 days 
after subcutaneous infection. The cyst is approximately 220 » long and shows cyst wall 
nuclei on the right and numerous crescentic organisms in the vacuole. Although there is 
pressure atrophy of the inner and outer nuclear layers, there is no cellular reaction to the 
presence of the cyst. Note rod and cone layers on right, also pigment epithelium and in- 
tensely pigmented choroid below. Periodic acid-Schiff hematoxylin stain, X 260 

Fic. 89. Besnoitia cyst in retina with incipient rupture. Vitreous haze apparent by 
ophthalmoscopy 4 days after a satisfactory visualization of the cyst. The cyst is 300 by 
400 » in dimensions. There is intense cellular infiltration through an area near the base 
and the tip of the cyst. See also Figures 90 and 91. Hamster infected subcutaneously 200 
days earlier. Periodic acid-Schiff hematoxylin stain, X 48 


BESNOITIA JELLISONI AND LESIONS RESULTING FROM CYST RUPTURE IN THE RETINA 


Similar to the Toxoplasma cysts, intact cysts of Besnoitia do not give rise to 
cellular reaction in the retina (Fig. 88). The cyst walls generally vary from 2 to 
10 uw in thickness and appear to be permeable from the outside to substrate used 
for intracystic proliferation, progressing from the presence of a few cyst-wall 
nuclei to hundreds or thousands of crescentic organisms, sometimes filled with 
glycogen, developing by multiple binary fission (or internal budding) within a 
vacuole (Fig. 88). Following the first leak in a cyst an intense inflammatory re- 
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action results (Fig. 89) accompanied by polymorphonuclear and all types of 
mononuclear leukocytes (Figs. 90, 91). It appears plausible that the intense 
fluid exudation accompanying this release of a significant amount of antigenic 
material results in the formation of chorioretinal vesicles (Figs. 89, 93) also asso- 
ciated with Toxoplasma cysts in the retina of hamsters (Fig. 86). Figure 89 
illustrates the accumulation of subretinal inflammatory exudate which lifts the 
retina, generally, however, leaving the pigment epithelium attached to Bruch’s 
membrane. The exudate may extend into the vitreous thus obscuring visibility 
of the cyst to the observer which led to a diagnosis of cyst rupture in the eye 
shown in Figure 89 four days after a satisfactory visualization. 

The effect of cyst rupture on the microorganisms is clearly shown in cysts with 
small defects permitting access of leukocytes to parts of the cyst (Figs. 90, 92). 
Individual organisms lose nuclear and cytoplasmic staining with hematoxylin 


Fic. 90. Besnoitia cyst in retina showing perforation at two areas with penetration of 
inflammatory cells, many of which are polymorphonuclear neutrophiles. In the center of 
the cyst, near the cellular infiltration, there is a loss of staining density reflecting partial 
cytolysis of Besnoitia. The cyst wall stains lightly. See also Figures 89, 91. Periodic acid- 
Schiff hematoxylin stain, X 200 
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Fig. 91. Besnoitia cyst with early rupture. Near the base of the cyst some of the organ- 
isms parasitize the cytoplasm of the pigment epithelial cells. This may in some cases be 
the initiation of chronic proliferative activity. See also Figures 89 and 90. Periodic acid- 
Schiff hematoxylin stain, X 224 

Fic. 92. Two Besnoitia cysts from lung of hamster, 37 days after subcutaneous inocula- 
tion. The cyst on left has begun to leak. Note thinning of capsule on one side. A few leuko- 
cytes have entered, and the organisms have undergone cytolysis (compare with cyst on 
right). Some of the cyst wall nuclei are recognizable in the right cyst. Periodic acid-Schiff 
hematoxylin stain, X 140 

Fic. 93. Retinochoroiditis with formation of inflammatory vesicle in the rod and cone 
layer associated with Besnoitia cyst infection. Six weeks following inoculation with cyst- 
forming line of Besnoitia. Periodic acid-Schiff hematoxylin stain, X 18 

Fie. 94. Besnoitia cyst rupture in retina of hamster, whose right eye was enucleated 4 
months after subcutaneous infection. Eleven days before enucleation the fundus was clear. 
Six days before, a bright yellow lesion of 2 disk diameters was seen near 4 o’clock, with 
some inflammatory cells in the adjacent vitreous. Three days before, much exudate was 
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and aniline dyes, in the areas of leukocytic penetration and beyond, suggesting a 
diffusible factor to enter the cyst or to be associated with leukocytes. This sug- 
gests the process of lysis® observed in the dye test phenomenon.* Occasionally a 
few organisms are seen to enter host cells and to proliferate, such as near the base 
of the cyst where leakage is adjacent to the retinal pigment epithelium and where 
fewer leukocytes have access (Fig. 91). Advanced destruction of cyst organisms is 
seen in Figure 94, unaccompanied by evidence of renewed parasitization of 
retinal cells by organisms that may have escaped the cyst. Figures 94 and 95 
show cyst walls only, the organisms they contained having apparently been de- 
stroyed, without initiating satellite cysts or new foci of proliferation. 


OCULAR TOXOPLASMOSIS 


Pathogenesis. Lesions observed in the eyes of hamsters infected with 
Toxoplasma have been described as associated with either proliferative organisms 
or with cysts.’ Corresponding to this dual pathogenesis, two types of clinical 
courses can be expected to occur in human eyes. This is complicated by delayed 
hypersensitivity, demonstrable by the skin test in man, but not demonstrable 
directly in hamsters. 

The clinical course associated with toxoplasmic proliferation would be exempli- 
fied by lesions showing prolonged activity, progressing to eventual loss of vision, 
and necessitating occasionally enucleation of the eye if glaucoma develops and the 
pain is severe.*: * It is from these eyes that histological and microbial studies are 
available.*? The following is a typical case. 


In May 1959, we isolated Toxoplasma from the enucleated left eye of a 60-year- 
old patient (P.K.) whose lesion started 17 months earlier.* One week after onset 
he had a peripheral retinal lesion with visual acuity of 20/30. He was positive to 
skin-testing with histoplasmin, toxoplasmin, and tuberculin. A dye test for 
Toxoplasma was positive to 1:1024, and a hemagglutination test 1:4096. A chest 
film showed a calcified nodule and intensification of hilar markings. His physi- 
cian reported that 6 weeks later his visual acuity had dropped to 20/50 and 


* Patient seen in consultation, Uveitis Clinic, Department of Ophthalmology, Uni- 
versity of Kansas School of Medicine. 





seen along vessels, and 1 day before enucleation, the optic disk was visible only through the 
periphery of the lens, since whitish exudate was present in the central vitreous and ad- 
herent to the posterior lens capsule. A few pigmented cells were present in the anterior 
chamber. Most of the contents of this small cyst have undergone phagocytosis by invading 
mononuclear cells and neutrophils, which also pervade the adjacent retina. Contrary to 
what is seen in Figure 91, there is no evidence of continuing proliferation of Besnoitia. The 
inner nuclear layer is relatively intact but the outer nuclear layer is destroyed. There is 
exudate between the retina and choroid, although the separation is artifactual in part. 
Periodic acid-Schiff hematoxylin stain, X 80. See also Figure 95. 

Fia. 95. Besnoitia cyst wall remains in the eye shown in Figure 94. Judging from its 
size, the thick cyst wall and the virtual lack of inflammatory reaction, this cyst appears 
to have ruptured a long time ago while still small. Little structural damage is apparent and 
there is no evidence of continuing proliferation by Besnoitia as seen in Figure 91. Periodic 
acid-Schiff hematoxylin stain, X 290 
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vitreous inflammatory reaction was markedly increased. Two months after onset, 
treatment was begun with isonicotinic acid hydrazide 50 mg., 3 times daily, and 
p-aminosalicylic acid 2 gm., 4 times daily. This was continued for 2 months 
during which time his vision decreased to 20/200, with increase of vitreous 
clouding, keratic precipitates, and the formation of pupillary synechiae. Four 
months after onset, treatment was changed to pyrimethamine 25 mg. daily for 6 
weeks, then 50 mg. daily, and sulfadiazine 0.3 or 0.5 gm. 3 times a day with 
sodium bicarbonate, one yeast cake and hydrocortisone 0.5 per cent topically 3 
times a day. During the approximately 10 weeks of treatment there was slight 
clearing of the inflammatory reaction with retinal detail becoming visible. The 
patient failed to return 64% months after onset. When seen by another physician 
104 months after onset the eye was “blind from a dense cloud” and the tension 
was 46 Schigtz (17 in good right eye). He was treated intermittently with aceta- 
zolamide, which maintained relative freedom from pain although the tension re- 
mained “stony hard,” and the ocular irritation caused him to be “tense and 
nervous.” There was an occasional slight flare observed in the anterior chamber. 
On enucleation, 17 months after onset, the eye was transported to the laboratory 
in Hank’s physiological fluid and it was cut through the main lesion which was 
present medially and superoanteriorly. One quarter of the lesion was used for 
tissue culture (nothing grew) and another quarter was injected into7 mice intra- 
peritoneally. Of 6 injected with ground retina, 2 died on the 9th day and numer- 
ous Toxoplasma were found in the peritoneal exudate; the other mice were dis- 
tended and ruffled. One mouse, treated by injection with ground “choroid” 
with retina adherent, was killed after 10 days and more than 10° organisms per 
ml. were found in its peritoneal fluid. By a comparison of survival times on titra- 
tion with that of the original passage, the lesion was computed to have contained 
2,000 to 12,000 Toxoplasma. Two weeks after enucleation a dye test titer was 
1:1024, and a hemagglutination titer 1:16,000. The P. K. strain isolated 
crossimmunized with the RH strain" in guinea pigs. Sections of the patient’s 
eye showed a proliferative retinochoroiditis, and since it was believed that nu- 
merous Toxoplasma were present, the majority of sections were discarded in 
another laboratory. Critical examination by myself did not reveal a focal lesion 
nor any organisms in approximately 35 sections from one level. 

Another clinical picture, associated with rupture of a Toxoplasma cyst would 
appear to be present in the greatest number of patients with presumably toxo- 
plasmic retinochoroiditis. This consists of focal inflammatory lesions, sudden in 
appearance, probably accentuated or dependent on delayed hypersensitivity. 
Such lesions are self-limited as indicated by the disappearance of the inflamma- 
tory exudate in approximately 2 months, but they do recur occasionally. Since 
attacks, if recurrent, generally are few in number, one sees only old focal scars 
with a recurrent lesion, and the functional impairment and anatomical damage 
to the eye is minor, not necessitating enucleation and providing no histological 
material for study. When I reviewed 13 of the eyes diagnosed as showing Toxo- 
plasma, either by Wilder'® or by de Buen, Zimmerman, and Foerster" at the 
Armed Forces Institute of Pathology, no true Toxoplasma cysts were encountered 
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in spite of the presence of proliferative forms. The ‘‘cystoid”’ structures described 
do not possess an argyrophylic wall nor do they contain glycogen. Although it 
seemed reasonable to anticipate the formation of cysts in smoldering lesions such 
have not been found Likewise, in comparable situations in experimental ani- 
mals, active toxoplasmic proliferation and cyst formation do not occur together. 
What leads to the formation of cysts is obscure. Possibly acquired immunity 
need be present in a given area for the formation of cysts. This would result in 
2 pathogenetic circumstances: one, the presence of cysts with cyst rupture re- 
sulting in self-limited lesions, and two, the continued toxoplasmic proliferation 
without formation of cysts. This concept explains all the observed facts. 

Proliferative Toxoplasma have been found only in the retina of human and 
hamster eyes in which destruction of individual cells is accompanied by little 
inflammatory reaction. The granulomatous inflammatory reaction seen in human 
eyes is confined to the choroid and appears to be primarily a reaction to retinal 
pigment which is found in epithelioid and giant cells and which has been found 
experimentally to elicit such a reaction. Hence the often used terms 
“granulomatous uveitis” or “chorioretinitis’”’ misplace the emphasis on the rela- 
tively nonspecific reactions secondary to the primary retinal necrosis; retino- 
choroiditis would appear to be an acceptable term. The French term ‘‘encéphalite 
du globe oculaire,” encephalitis of the ocular globe, focuses attention on the 
similarity of brain and retina with their limited inflammatory response, well ex- 
emplified in toxoplasmosis, whereas the intensity of the inflammatory potential 
of the uveal coat parallels that seen in the meningeal coverings of the brain. 

Diagnosis and management of ocular toxoplasmosis. That essentially all instances 
of ocular toxoplasmosis are observed during the period of chronic infection has 
been discussed previously.‘ 7:14 That almost all such diagnoses can only be pre- 
sumptive derives from the relatively stable and low level of antibody titers ob- 
served, and from the little discrepancy that exists between presumptive 
diagnoses based on dye test, toxoplasmin skin test or hemagglutination test. 
Qualities, not quantitative titers can be correlated, unless aqueous humor-serum 
titer ratios will contribute diagnostic information.!® Except for occasional data 
from enucleated eyes little opportunity exists at present for further etiological 
determination. Information from therapeutic trial, especially from the double- 
blind study conducted by Perkins, Smith, and Schofield'* can, however, be used 
to estimate the percentage of cases resulting from proliferative forms of Toxo- 
plasma. In their study the chemotherapeutic response of the dye test-negative 
groups was identically low, whether treated with pyrimethamine or with pla- 
cebos. Hence a serologically unrelated agent, responsive to pyrimethamine can 
be excluded from contributing to the size of the drug-responsive, dye test-positive 
group, and it can be considered to represent the percentage of lesions due to 
proliferative Toxoplasma. 

Treatment of presumed ocular toxoplasmosis is directed primarily at the pro- 
liferative forms that may be present. It should consist of a loading dose of pyri- 
methamine, about 75 mg. daily for 3 days and subsequently 25 mg. daily, ac- 
companied by 2 gm. of sulfadiazine in divided doses. Since this is suppressive, 
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and not a toxoplasmicidal therapy, the final eradication of the infection depends 
on the host factor: phagocytosis, intracellular digestion, and antibody to a minor 
degree. It is reasonable to double the daily drug dosage when these host factors 
are suppressed by corticoid therapy, used for its anti-inflammatory effect, be- 
lieved to be of therapeutic value especially following cyst rupture. 

The leukopenia and thrombocytopenia encountered not uncommonly during 
chemotherapy can be repaired by the administration of 2 yeast cakes daily and 
if ineffective, the addition of 3 to 15 mg. of calcium leucovorin daily without im- 
pairing the therapeutic efficacy as shown in experimental animals.'’: '* Differ- 
ential diagnostic considerations, the strategy, and conduct of treatment have 
been discussed in detail.‘ 


NEONATAL TOXOPLASMOSIS 


So far we have considered pathogenesis resulting first from proliferation of 
Toxoplasma within susceptible cells destroying them in the process, and second, 
from cyst rupture, where the antigen released in an otherwise immune environ- 
ment gives rise to an inflammatory reaction, accentuated by hypersensitivity, in- 
volving tissue of from 100 to 400 u in diameter. Both mechanisms have been 
found to participate in the pathogenesis of neonatal toxoplasmosis.’ * ‘ In addi- 
tion a third factor, the immunological immaturity of the fetus and newborn be- 
comes an important determinant. Fourth, it is necessary to consider the effec- 
tiveness and duration of passive immunity conferred by maternal antibody, al- 
most simultaneously with infection in utero, since this passive humoral immunity 
is the principal protective factor until cellular immunity is acquired actively. 
Fifth is the delayed development of immunity in the central nervous system, 
permitting prolonged microbial proliferation in the brain; this is not unique for 
toxoplasmosis but it appears to be operative in most viral encephalitides and in 
paralytic poliomyelitis. The immunologically less effective cellular inflammatory 
reaction, the greater vulnerability and lacking regenerative power of nerve cells, 
and the diffusion gradient for hematogenous antibody protein are evident even in 
certain adults, and may in sum total be greater in babies. 

Initially, toxoplasmic infection is disseminated and a few babies have been 
born with a rash, pneumonia and hepatitis, and generalized distribution of active 
or subsiding lesions observed at autopsy.'®: 2° The majority of babies, however, 
show subsiding, if any, visceral lesions, with active proliferation inthe brain»: *: 2 
Subsidence of lesion indicates a degree of immunity, generally passively acquired 
from the mother. The central nervous system lesions are of 4 kinds: (1) necrosis 
of individual cells consequent to their parasitization with proliferating Toxo- 
plasma with microglial nodules; (2) tissue necrosis with microglial nodules fol- 
lowing cyst rupture; (3) infarction necrosis of the cortex resulting from accidental 
vascular thrombosis complicating lesions 1 and 2; and, (4) periventricular and 
periaqueductal vasculitis and necrosis, unique to neonatal human toxoplasmosis 
(Fig. 96). 

Internal hydrocephalus, one of Sabin’s tetrad characterizing congenital toxo- 
plasmosis (the others are convulsions, chorioretinitis and cerebral calcifications), 





Fic. 96. Human neonatal toxoplasmic encephalitis (BDA). The lateral ventricles are 
surrounded by a broad zone of necrosis. This section is stained with phosphotungstic acid 
hematoxylin to emphasize the fibrin exudation through the damaged blood vessels. Most 
peripherally (top), there is marked inflammatory reaction in the brain substance. This is 
followed by a darker zone of generalized vascular damage with fibrin exudation. The center 
part of the picture is occupied by a paler zone of generalized necrosis, with persistent fibrin 
exudation around a few of the larger vessels remaining. There is softening and ultimately 
liquefaction of this necrotic brain tissue (below). (The fourth subzone of repair is not shown 
here. It depends on the survival of vascular walls through the zone of periventricular 
necrosis, and granulation tissue-like proliferative activity in the ventricular lumen, an 
area of antigen excess.) Phosphotungstic acid hematoxylin stain, X 27 

Fig. 97. Human neonatal toxoplasmic encephalitis (BDA). The aqueductal ependyma 
has been replaced by a zone of necrosis similar though somewhat thinner than the peri- 
ventricular zone. The lumen is occluded by proteinaceous material. Phosphotungstic acid 
hematoxylin stain, X 11 

Fie. 98. Human neonatal toxoplasmic encephalitis (BDA). Transition from ependymal- 
lined ventricular wall (left) to dully developed zone of periventricular vasculitis and necro- 
sis (right). The termination of the ependymal covering results in marked interstitial edema 
and increasing basophilia of ground substance. The dark area in the right lower field repre- 
sents extravasated blood, which with the necrotic brain tissue desquamates into the ven- 
tricular fluid, accounting in part for its xanthochromic appearance and its high content 
of protein. Phosphotungstic acid hematoxylin stain, X 8 

Fic. 99. Human neonatal toxoplasmic encephalitis (BDA). Microglial nodules in pons 
and cerebellum with ulcerated lining of fourth ventricle. Necrotic zone is absent around the 
fourth ventricle, probably owing to the adequate drainage of antigen-containing fluid 
through the foramira. Alum hematoxylin and eosin stain, X 21 


813 





814 SURVEY OF OPHTHALMOLOGY 


is the clinical sign associated with the peculiar periventricular lesions. It appears 
likely that aqueductal obstruction (Fig. 97) from a lesion in the wall initiated the 
process by which the lateral and third ventricles are transformed into something 
resembling an abscess cavity (Fig. 96) with Toxoplasma proliferating in the wall, 
contributing an ever increasing amount of antigen to the ventricular 
fluid. Seepage of this antigenic ventricular fluid through ependymal ulcers results 
in a vasculitis with necrosis, gradually undermining persisting ependyma and 
ultimately enveloping the ventricles (Fig. 98). This vasculitis resembles a local 
antigen-antibody reaction, and the finding of antigen in the ventricular fluid and 
of antibody in the blood stream of these babies supports this explanation, dis- 
cussed in greater detail elsewhere.?:7:*.' The fourth ventricle (Fig. 99) al- 
though it may show ulcerating subependymal nodules is free from this peri- 
ventricular vasculitis and necrosis, apparently related to the adequate drainage 
of its fluid through the foramina of Luschka and Magendi. 

Hence to obtain the best diagnostic information it is necessary to obtain fluid 
from the distended lateral ventricles for attempted isolation of Toxoplasma, or for 
the demonstration of Toxoplasma antigen, or for demonstrating the almost 
pathognomonically high protein content. The ventricular fluid shows grams per 
cent of protein, compared with only hundreds of milligrams per cent in the spinal 
fluid. Only in Escherichia coli meningitis have similarly high protein levels been 
found in ventricular fluid.’: * 

Hypothalamic lesions extending from the necrotic zone around the third ven- 
tricle may result in unstable body temperature. The increased intracerebral pres- 
sure commonly leads to softening of the subcortical white matter, especially of 
the corona radiata. The necrotic areas of the brain frequently become calcified 
with deposits visible radiologically, although not becoming striking until several 
months have passed.® 

Ocular involvement is almost always present in neonatal toxoplasmosis, and 
ophthalmoscopic examination for retinochoroiditis, with exudate in the vitreous, 
is a useful aid for rapid diagnosis.”" 

Although generally fatal in the presence of hydrocephalus, less severe involve- 
ment of the brain does permit survival of the infant, usually showing residual 
retinochoroidal and cerebral scars, the latter with radiologically demonstrable 
calcification.*: * Asymptomatic neonatal toxoplasmosis has been described 
also.?!-23 

Serum antibody measured by dye and hemagglutination test is high in such 
babies, although it is early of maternal origin, being replaced gradually by en- 
dogenously elaborated antibody.® 

Immunological tolerance (nonreactivity) has not been observed in the babies 
who survive. However, since antibody development generally is the cardinal diag- 
nostic criterion, if tolerance existed a baby would either not be diagnosed as in- 
fected with Toxoplasma or possibly it would succumb to infection. Immunologi- 
cal tolerance would have to be proved by isolation of Toxoplasma, followed by 
successful chemotherapy, by a declining antibody titer, reaching negativity in 
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approximately 6 months, and by serological nonresponsiveness to repeated toxo- 
plasmin skin tests or to reinfection. 

Therapy with sulfadiazine and either pyrimethamine or antiserum has been 
tried especially by Eichenwald.” * He regarded treatment as not strikingly 
beneficial for the prevention of sequelae, although he observed earlier reversal 
of spinal fluid changes to normal, and earlier antibody decrease in treated chil- 
dren. The major neurological sequelae of hydrocephalus or microcephalus, se- 
verely impaired sight, spasticity, palsies, and deafness were found to be more fre- 
quent in those children who presented as babies with “neurological disease” than 
in those infants presenting with “generalized disease.’”’ The mortality rates were 
similar in the babies with encephalitis and in those with predominantly general- 
ized disease where pneumonia, hepatitis, and anemia are most frequently leading 
to death. 

Hence it appears reasonable to envision a decline or inhibition of toxoplasmic 
proliferation, with a possibility of arresting the progression of lesions shortly 
after the initiation of effective chemotherapy. However, lesions from cyst rupture, 
from vascular thrombosis or the antigenic pool, would continue to develop. The 
ventricular fluid should be drained repeatedly. It is likely that lesions are often 
more advanced than clinically evident. 


TOXOPLASMIC ENCEPHALITIS 


Encephalitis seen in children or adults may follow symptomatic generalized 
toxoplasmosis” #24 or it may appear as the initial manifestation of toxo- 
plasmosis.'*: 25. 26 In each case it is important to keep in mind that either actively 
proliferating Toxoplasma or cysts may be involved, calling for a somewhat differ- 
ent chemotherapeutic approach. 

The peculiarity of Toxoplasma affecting primarily the central nervous system 
has been commented on in previous publications,’ *: ' and attributed (1) to the 
delayed appearance of immunity, and (2) to the vulnerability of central nervous 
tissues. This was apparent from a study of neonatal toxoplasmosis where signs 
of extraneural involvement usually are regressing while central nervous system 
lesions are still progressing. The same is seen in experimental infections of mice 
and hamsters studied by means of a graded series of chemotherapeutic regimens 
varying in length, as described earlier in this paper (Fig. 81). 

The delay in onset of effective immunity in the central nervous system is the 
usual pathogenetic mechanism that leads to encephalitis not only with Toxo- 
plasma, but also with most of the so-called “neurotropic” viruses, such as polio- 
myelitis, the equine encephalitis viruses, Japanese B encephalitis virus, herpes 
and cytomegalic virus. In most patients with encephalitis studied, high antibody 
titers are found.” Occasionally the virus is identified from the extraneural viscera 
or the blood stream, indicating the presence of a generalized infection, although 
generally subclinical, prior to the onset of encephalitis. 

Antibody appears effective in curbing the dissemination of free organisms via 
the bloodstream and intercellular fluids. Individual cells remain infected and 
some cell to cell spread persists. The limited diffusion of antibody into the central 
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nervous system is notable. Whereas the protein gradient between plasma and 
cerebrospinal fluid is in the range of 300:1, antibody gradients have been found 
to be 500:1 in a patient with 120 mg. per cent of cerebrospinal fluid protein and 
a serum dye test titer of 1:65,000%, and 1000:1 in a dog with chronic toxoplasmo- 
sis and a serum dye test titer of 1:32,000.? That cellular immunity does develop 
in the brain can be demonstrated experimentally by intracerebral inoculation of 
animals comparing nonimmune animals with chronically infected ones; the latter 
infection generally does not progress. It can also be inferred from the renewed 
proliferation of organisms which occurs following the administration of corti- 
coids*® where the level of existing antibody appears to remain stable.*° 

That the brain is also more vulnerable to toxoplasmic proliferation is suggested 
by the fact that mice generally succumb 3 to 4 days after intracerebral inoculation 
of 0.03 ml., but only 5 to7 days after intraperitoneal or subcutaneous inoculation 
of 0.3 ml. of a given inoculum (see controls on Table 2?). Multiplication of or- 
ganisms is rapid in any of these locations and the limited tolerance of the brain 
to inflammatory edema imposed by the calvarial exoskeleton may be the decisive 
limiting factor in organ vulnerability. (Vulnerability of different tissues and 
substrate utilization by Toxoplasma in different tissues have not been compared 
under conditions of tissue culture.) 

Toxoplasmic encephalitis due to persistent toxoplasmic proliferation is exempli- 
fied of course most commonly in neonatal toxoplasmosis, discussed earlier, but 
also by the 2 cases in children described by Sabin," by the adult cases described 
by Sexton, Eyles and Dillman," Guimaries,” and Pinkerton and Henderson 
(case 2)** all appearing clinically as acute afebrile illnesses, some accompanied by 
lesions elsewhere. 

Toxoplasmic encephalitis primarily associated with cysts is represented by those 
adult cases described by Kass et al.,* Hooper,* Prick and Prick-Hoefnagels,”> and 
by Bobowski and Reed.** In all cases except Hooper’s, perivascular lesions and 
infarcts were present in addition to microglial nodules and cysts. Hooper’s case“ 
suggests an early chronic infection with numerous cysts but few areas of cyst 
rupture. Hypercorticoidism appears to have been present in this panhypopitui- 
tary patient, and if so, probably modified the course of the infection. Bobowski 
and Reed’s case”* presented as a focal space-occupying lesion in a patient who was 
afebrile, with only a moderately elevated dye test titer of 1:256. The circum- 
scribed lesions contained numerous cysts with areas of necrosis and a “‘granu- 
lomatous inflammatory reaction with multinucleate giant cells.”’* These 
suggested the sequence of cyst rupture, followed by parasitization of other cells 
with the formation of more cysts and the rupture of a few in a small area, re- 
sulting in localized inflammatory reaction suggesting brain tumor. 

Guimaries’ first patient® showed both proliferative forms and cysts associated 
with brain and extraneural lesions, probably indicating a partial immunity at the 
time of death. 


* The granulomatous reaction with giant cells is present only in the most severely in- 
volved areas, where more inflammatory cells are present than brain tissue, accompanied by 
capillary proliferation and few cysts. In my opinion, the giant cells so uncharacteristic of 
toxoplasmosis are a reaction of perivascular cell derivatives to the destroyed brain tissue. 
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The treatment of these cyst-induced lesions presents the same problem as dis- 
‘ussed in relation with cyst-induced ocular toxoplasmosis. Corticoid therapy ap- 
years logical to reduce the inflammatory reaction especially the component due 
o hypersensitivity. Since the administration of pharmacological doses of corti- 
.oids carries with it the danger of renewed toxoplasmic proliferation, this should 
2 inhibited by concomitant therapy with pyrimethamine (25 to 50 mg. daily) 
ind sulfadiazine (2 to 4 gm. daily). Since in many cases it can only be surmised 
whether proliferative or cyst forms give rise to the lesions, the inhibitory pyri- 
methamine-sulfadiazine regimen should always be used, and corticoids added 
when cysts are suspected. The nature and length of the illness preceding the 
onset of encephalitis can be helpful in differentiation. The absence of inflamma- 
tory cells, and the presence of only low protein levels in the cerebrospinal fluid 
favor cysts as the etiology; proliferative forms usually are accompanied by frank 
meningitis. An interesting case illustrating this has been described by Robinson*® 
in a 9-year-old girl with meningoencephalitis where high cell counts were ob- 
served and where Toxoplasma was visually observed in the spinal fluid. In gen- 
eral this is not a common occurrence. 


TOXOPLASMIC MYOCARDITIS AND MYOSITIS 


Proliferative Toxoplasma have been found to produce myocarditis during the 
generalized acute infection’ *° * and cysts have been associated with myo- 
carditis and myositis.“ Clinical and electrocardiographic evidence of myo- 
carditis has been presented by Strém** in 2 cases of laboratory infection. There 
is no evidence of an immunity deficit in striated muscle. The localization of cysts 
is attributed to parasitization occurring during the acute infection although cyst 
formation as such appears to proceed with ease in some hosts. Toxoplasmic in- 
volvement of either myocardium or skeletal muscle is rarely observed in mice 
or hamsters, but commonly in rabbits and guinea pigs. Any muscle cysts found 
must be carefully analyzed as to whether they are Toxoplasma or Sarcocystis for 
which differential characters have been given.” 

If Toxoplasma is considered clinically in the differential diagnosis of myocardi- 
tis or myositis, a skeletal muscle biopsy, with section and animal inoculation is 
suggested. If there are symptoms of generalized infection, proliferative organisms 
are more likely causative. Disintegration of numerous cysts*: * could, however, 
persist to give symptoms for weeks, months, and possibly years after the acute 
infection. Such a case has been observed in relation to Sarcocystis, the sequel of 
cyst rupture consisting of muscle swelling, tenderness, malaise, bronchospasm, 
slight fever and eosinophilia.” * Treatment considerations are analogous to 
those discussed in relation to encephalitis. 


TOXOPLASMIC LYMPHADENOPATHY AND HEMATOLOGICAL DISTURBANCES 


“Glandular” or lymph node toxoplasmosis has been described since 1950 
largely due to the efforts of Siim,**: 4° who summarized his cases. He encountered 
this entity in a survey of patients with fevers of unknown origin (FUO), espe- 
cially if accompanied by lymphadenopathy, a relative lymphocytosis and a nega- 
tive Paul-Bunnell test for heterophile antibodies. Numerous cases have been 
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described from several countries. The enlarged lymph nodes may be tender or 
indolent, there is no periadenitis, no erythema of the overlying skin, and no sup- 
puration, nor breakdown with sinus formation.*: “ One of the best recent de- 
scriptions of the histopathology is that by the Saxéns* who illustrated the marked 
reticular cell hyperplasia especially in the medullary cords. Such lymph nodes may 
have to be differentiated from Hodgkin’s paragranuloma (although this entity 
requires further etiological and conceptual definition), early Hodgkin’s granu- 
loma, reticular cell lymphoma, and lymphohistiocytic medullary reticulosis, 
Boeck’s sarcoidosis, infectious mononucleosis, or microbial granulomas. In Siim’s 
series from Denmark, toxoplasmosis accounted for 13 per cent of cases of lym- 
phadenopathy.*° The occurrence of such lymphadenopathy during pregnancy 
should strongly suggest investigation for toxoplasmosis.”° 

Toxoplasma can be isolated in animals from such lymph nodes, sometimes for 
several months, although they are visually identified but rarely, and if so, in the 
cyst form only.” This fact, as well as the histological reaction indicate that in the 
usual case of “glandular toxoplasmosis,”’ the lymph nodes are involved during 
and following subsidence of the acute infection, during a stage of marked cellular 
mobilization, accompanied by dye test titers of 1:1000 or higher. The leukocyte 
count is usually normal but relative lymphocytosis (45 to 70 per cent) with large 
atypical lymphocytes resembling the Downey-McKinley cells or atypical mono- 
cytes are sometimes seen. 

Acute toxoplasmosis following peripheral inoculation, such as following a 
needle prick, leads to a local lesion within a week and is generally accompanied by 
lymphadenitis, chills, and fever."* In these cases active multiplication of Toxo- 
plasma can be expected in the lymph nodes although none have actually been 
seen in a lymph node as early as 15 days after infection although they were iso- 
lated in animals. In experimental animals lymph nodes may be the sites 
of extensive multiplication especially following inoculation in the lymphatic 
drainage area of the inoculation site but 2:9 in other lymph nodes following 
hematogenous dissemination. 

Occasionally, hematological disturbances have been described in patients with 
untreated toxoplasmosis, such as a leukemoid reaction and hemolytic anemia with 
splenomegaly.™: “* These have been observed too rarely to attempt to charac- 
terize the pathogenesis. However, the more fulminant acute infections in babies 
may be accompanied by jaundice both from hepatitis and apparent hemolysis, 
and extramedullary hematopoiesis is commonly found.!*: 7° 

The leukopenia and thrombocytopenia associated with sulfadiazine and pyri- 
methamine (Daraprim) therapy appears to be dependent on a relative folic and 
folinie acid deficiency.” In the human, the conversion of the intracellular 
equivalents of folic to folinic acids is blocked by pyrimethamine. In addition, the 
elaboration of these vitamins by the enteric flora, starting with p-aminobenzoic 
acid, is impaired by sulfadiazine. The deficiency in man can be repaired by the 
administration of the inhibited vitamin, folinic acid (leucovorin calcium) aided by 
fresh baker’s yeast. Concomitant antitoxoplasmic therapy is not impaired since 
Toxoplasma apparently lacks the mechanisms for incorporation or utilization of 
folinic acid and the yeast factor.!’: * 
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TOXOPLASMIC PNEUMONIA 


Pulmonary involvement results from hematogenous dissemination in human 
toxoplasmosis and experimentally infection via the respiratory tree is readily 
accomplished. It has been observed in the more severe and fatal cases of acute 
toxoplasmosis accompanied by proliferative Toxoplasma only.” Capillary 
lining cells, stromal cells, and alveolar lining cells are parasitized and the inflam- 
matory exudate is mononuclear, accompanied by much fluid; bronchi show little 
involvement, except for the peribronchial lymphatics. Toxoplasma can be present 
in sputum, facilitating isolation, although it could be expected in the blood 
stream at the same time. Although small areas of necrosis occur, no abscesses or 
cavity formation have been reported nor are they likely to occur, since the 
infection is generalized throughout the lung, not localized, and since immunity, 
once developed, affects the organisms directly via cells and antibodies. Healing 
is by absorption of the exudate, without evidence of residual damage. 

Toxoplasma cysts have been found occasionally in the lung* but no significant 
tissue damage is expected following their rupture in view of the loose pulmonary 
structure, offering ready accommodation of the inflammatory exudate in the 
absence of irreparable structures. 


TOXOPLASMIC RASH 


Hematogenous dissemination in severe acute toxoplasmosis can lead to a 
maculopapular rash which is occasionally hemorrhagic but never vesiculating 


or pruritic and which is commonly generalized, sparing, however, scalp, palms, 
and soles.!*: * * The lesions consist of small focal perivascular foci of infection, 
which result from parasitization of capillary lining, migration of organisms to the 
surrounding papillary and reticular dermis and the setting up of small inflam- 
matory foci there. Proliferative organisms are present. It is possible that other 
forms of rash occur.“ 

The positive skin test reaction® results from antigen in the presence of delayed 
hypersensitivity, vascular dilatation leading to erythema, and increased permea- 
bility to exudation, with consequent induration, accompanied by a mixed leuko- 
cytic reaction, and necrosis due to vascular thrombosis in severe reactions. 
Judging from the delayed onset of dermal hypersensitivity, the toxoplasmic rash 
appears to depend primarily on direct cellular damage from proliferating organ- 
isms, with hypersensitivity playing no role early, but the possibility of a minor 
role if the rash persists for several weeks. 

Lesions suggesting erythema nodosum or erythema multiforme have not been 
observed. The positive skin test resembles erythema nodosum histologically. 


ASYMPTOMATIC TOXOPLASMOSIS 


Effect of maternal infection on fetus. Epidemiological studies using serological 
or intradermal tests have shown a wide distribution, and in some areas a high 
incidence of evidence of infection without history of illness. That asymptomatic 
infection appears to be the rule in adults was indicated from studies of women 
who had given birth to toxoplasmic infants. Since lymphadenopathy has been 
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recognized as a minimal symptom in acute toxoplasmosis,** lymph node enlarge- 
ment has been recalled in retrospect in a number of such mothers and 
occasionally organisms were isolated.*° Siim*® reports an interesting case where 
lymphadenopathy in the 8th week of pregnancy had led to an investigation for 
infectious mononucleosis; the test for heterophile antibody turned out to be 
negative. When her infant, born 3 weeks prematurely, weighing 2850 gm. de- 
veloped hydrocephalus accompanied by “‘chorioretinitis,’ a re-examination of 
her old serum specimen showed a dye test titer of only 1:250, with a complement- 
fixing titer of 1:4 or less. Nine months after delivery these titers were 1: 1250 and 
1:16 respectively. This would suggest primary infection to have taken place at 
least 6'4 months prior to delivery. This observation requires qualification of my 
previously held view that toxoplasmosis acquired in early pregnancy would 
probably lead to spontaneous abortion.® 

As more experience with toxoplasmosis is being acquired, milder neonatal in- 
fections are being recognized, some of which may be held in check by effective 
passive immunity, while others may well be associated with strains of Toxo- 
plasma of low pathogenicity.*'~* That these “‘mild” infections may nonetheless 
result in a long term chronic infection is suggested by a patient of Hogan’s,” 
in whom neonatal infection appeared likely from a history of neonatal pneu- 
monia, retrospectively dated to the age of 5 or 8 months (J KI) in whom ‘‘chorio- 
retinitis” was recognized at the age of 1'5 years, and in whom cerebral 
calcifications were found at the age of 14. Recurrent retinochoroiditis resulted in 
loss of vision, the development of a cataract and enucleation of the left eye when 
the patient was 20 years old. Toxoplasma isolated was of low mouse 
pathogenicity. 





Evidence of chronic toxoplasmosis of the uterus has been brought forth“ 
possibly resulting in habitual abortions.*® Although an extension of this observa- 
tion would suggest the possibility of recurrent infection of pregnancies of one 
woman, such has never been observed. Actually Dr. Heinz Fichenwald (rer- 
sonal communication) has observed 216 mothers through a total of 380 preg- 
nancies subsequent to their giving birth to one toxoplasmic baby. None of the 
mothers had received chemotherapy prior to or during pregnancy. No infected 
infants or fetuses were detected, and the incidence of miscarriages and congenital 
defects were similar to a matched control group. However, infection of several 
litters of individual mice has been described.** 


POSSIBLE REACTIVATION OF INFECTION 


Inapparent or latent chronic toxoplasmosis can apparently persist for many 
years resulting in occasional attacks of retinochoroiditis. It is the high concentra- 
tion of function in the few thin layers of retinal cells that calls attention to the 
presence of these cysts whenever accidental rupture occurs. Similar rupture of 
single cysts in the brain, myocardium, skeletal muscle or lymph node likely 
would not lead to symptoms or signs. 

Under what conditions could proliferative activity recur? Hamsters with 
chronic toxoplasmosis relapse following the administration of pharmacological 
amounts of corticoids.?®: “” Severe toxoplasmic pneumonia or encephalitis with a 
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deficient inflammatory reaction is observed.? A few instances have been observed 
where hamsters died from the equivalent of Addison’s disease with proliferative 
Toxoplasma destroying the adrenal cortex and medulla. This finding is of com- 
mon occurrence in hamsters with chronic Besnoitia infection, which is very sensi- 
tive to the administration of corticoids.**: “ From this it is evident that anti- 
inflammatory corticoids, whether endogenous (hamsters secrete hydrocortisone 
predominantly) or exogenous, impair acquired immunity and permit recurrence 
of toxoplasmic proliferation. Antibody levels are relatively stable, and the evi- 
dence points to a block in the intracellular inhibitory or digestive capacity of 
host cells. 

Dr. Javier Arias-Stella of Lima, Peru, discovered a case of apparently endog- 
enous toxoplasmic encephalitis with cytomegalic pneumonia in a patient with 
Hodgkin’s disease treated with cortisone, nitrogen mustard and x-irradiation. 
The subsequent analysis of these treatment factors in hamsters with chronic 
toxoplasmosis showed total body irradiation to potentiate cortisone-mediated 
relapse, while nitrogen mustard did not.” 

Although most attacks of ocular toxoplasmosis are limited, indicating effec- 
tive host immunity, the smoldering proliferative activity of Toxoplasma found 
in the enucleated eyes, without evidence of ineffective immunity elsewhere in the 
body, suggests that in certain individuals reactivation of infection can occur. 
This can of course be aided by corticoid administration as was suggested by 
several patients who developed accentuation of their retinochoroiditis and 
vitreous haze following treatment with corticoids by mouth. 

Possibly, analogous to the temporary reactivation in the retina is the focal area 
of toxoplasmie encephalitis described by Bobowski and Reed.?° Although only 
cysts were observed at biopsy, they apparently developed in a circumscribed 
area following short term toxoplasmic proliferation. The relatively low dye test 
titer of 1:256 suggests a declining antibody curve rather than recent acute in- 
fection. 

HYPERSENSITIVITY 

In man, Rhesus monkeys, and guinea pigs the delayed type of dermal hyper- 
sensitivity (“‘tuberculin-type’’) is readily demonstrable with toxoplasmin.® In 
the two animal species mentioned, the skin test becomes positive 3 to 4 weeks 
after infection, treated to assure survival of the animal. In man, hypersensi- 
tivity may be later in appearance although only few data are available. In the 
case of one laboratory infection*® the skin test became positive after 94 days, in 
another it was negative at 20 days and positive 120 days after infection.!> Mothers 
of toxoplasmie babies are generally skin-test positive by the time the diagnosis 
is made in their babies (eases II], IV*). In a few treated laboratory infections 
skin sensitivity appeared after approximately | year;* however, this is not the 
rule as believed by some.®*” The youngest child observed by myself with a posi- 
tive toxoplasmin skin test was M. U., a 7-month-old baby with hydrocephaly and 
bilateral inactive retinochoroiditis. The dye test titer was 1:1024 in the baby; 
1:256 in his mother. 

Hypersensitivity has early been suspected to participate in the pathogenesis 








§22 SURVEY OF OPHTHALMOLOGY 


of chronie toxoplasmosis of man, especially in relation to cyst rupture.*:™ In 
laboratory rodents, delayed dermal hypersensitivity is not readily demonstrable. 
Nonetheless hypersensitivity may participate in pathogenesis of tissue lesions, as 
indicated by necrotic reactions and the marked exudation developing at the site 
of cyst rupture (suspected for Toxoplasma, proved for Besnoitia) in the ab- 
sence of any microbial proliferation (Figs. 89, 90, 92). Slight to moderate in- 
flammatory reactions could be expected without hypersensitivity such as seen 
in Figure 77.°!: *° 

Attempts to reduce hypersensitivity have been made by desensitization with 
antigen’ and by the administration of anti-inflammatory corticoids.* Injections 
of antigen desensitize, but simultaneously increase antibody titers;**: * hence it 
is difficult to state whether one or the other mechanism might. be more effective, 
since the treatment effects are difficult to evaluate in any case. Nitrogen mustard 
can also be expected to alleviate hypersensitivity. Additional amounts of sup- 
pressive drugs should probably be given during periods of corticoid administra- 
tion, since immunity mechanisms, such as intracellular digestion, may be de- 
pressed significantly by anti-inflammatory doses of corticoids.** 


SUMMARY 


The principal pathogenetic factors operative in toxoplasmosis are illustrated 
by means of an experimental infection model. Microbial factors, proliferative 
and cyst forms, cyst rupture, immunity and hypersensitivity are discussed. In 
addition the sequence following rupture of the large Besnoitia cyst has been 
described in the eye, since it appears to be useful in comparison to the more 
elusive cyst rupture phenomenon in toxoplasmosis. 

The various clinical entities in human toxoplasmosis are described and opera- 
tive pathogenetic mechanisms are discussed, especially as they affect differential 
diagnosis and treatment. The clinical entities can be classified according to their 
pathogenesis and clinical severity, using a modification of a previous scheme.”: 5 

I. Acute toxoplasmosis—generalized infection with proliferative organisms, 

necrosis of individual cells, and rising antibody titers 
A. Asymptomatic; however, mother may infect infant in utero 
B. Threshold clinical; local lesions at inoculation site with regional lym- 
phadenopathy 
C. Slight; generalized lymphadenopathy 
D. Moderate; chills and fever 
kX. Severe; pneumonitis, rash 
Il’. Frequently fatal; hepatitis, myocarditis, encephalitis 
II. Subacute toxoplasmosis—prolonged toxoplasmic proliferation in areas of 
decreased immune potential, necrosis of individual cells and of tissue in 
brain and eye, subsidence of lesions in remainder of body and formation 
of some cysts. 
A. Encephalitis, neonatal (passive antibody transfer from mother), children 
and adults 
B. Retinochoroiditis 
C. Adrenalitis (theoretical) 
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III. Chronic toxoplasmosis—dependent on the persistence of Toxoplasma cysts, 
with hypersensitivity leading to tissue necrosis following cyst rupture, 
falling or low antibody titers with fluctuations. 

A. Asymptomatic 

B. Symptomatology resulting primarily from cyst rupture: retinochoroidi- 
tis, encephalitis, myocarditis, myositis 

C. Reactivation after corticoid or radiation therapy: encephalitis, retino- 
choroiditis 

IV. Burnt-out cases without definite persistence of infection but with sequelae 
and sears of previous activity. 





All entities of acute and subacute toxoplasmosis are known to be affected by 
sulfadiazine-pyrimethamine therapy. The treatment of chronic infection is still 
experimental and might involve the use of anti-inflammatory corticoids together 
with sulfadiazine and pyrimethamine therapy. 
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A better title for this paper would probably be “‘Certain Aspects of the General 
Pathology of Toxoplasmosis,” since there will obviously not be time to do justice 
to the entire subject. 


GENERAL CHARACTERISTICS OF THE HISTOPATHOLOGICAL RESPONSE 
Although the name Toxoplasma is derived from the Greek toxon, an arc, and 
not from toxicon, a poison, there is ample evidence that the organisms are 
lethal for cells. Unless modified by vigorous immunological response, toxoplasmas, 
by multiplying in cells, cause rapid cell death, necrosis, rupture, and eventual 
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dissolution of the debris. This is shown particularly well when the organism is 
grown under agar overlay in tissue cultures of embryonic chick fibroblasts. 
The plaques formed under these conditions attain a diameter of more than a 
millimeter and consist centrally of thousands of toxoplasmas, with some cellular 
debris. Peripherally, a few rows of cells laden with organisms are seen, but there 
is evidence that even under these conditions cell destruction is more rapid in 
the initial stages than later on. The persistence of the organisms centrally, after 
the cells have disintegrated, explains why organisms are often found extra- 
cellulary (in the human brain, for example). 

In living animals, including man, coagulation or caseous necrosis is common 
in the viscera in fatal disseminated infection. In the brain of both infants and 
adults, such necrotic areas may be very large, and may lead to the mistaken 
gross diagnosis of brain tumor. In milder cases, immunological factors in the 
host may modify this full blown response so that instead of massive necrosis 
one may see only isolated cells undergoing necrosis. I will discuss these non- 
necrotizing lesions later. The role of hypersensitivity has been well discussed by 
Dr. Frenkel. 

One other feature of the general response which should be mentioned is the 
tendency for the necrotizing lesions rapidly to undergo calcification. On the 
chorioallantoic membrane of the fertile egg, calcified foci may be seen by radiog- 
raphy 5 days after inoculation.2 In neonatal toxoplasmosis, scattered small 
foci or single large foci of calcification are seen radiologically. Often the calcium 
is in the form of spherical intracellular masses, about the size of toxoplasmas, 
and these may be mistaken by the inexperienced for the organisms. Actually, | 
believe that I have seen, in the striated muscle of infected guinea pigs, evidence 
that the organisms themselves may become calcified. For a histological diagnosis, 
however, typical organisms with nuclei must be found. 


PATHOLOGICAL LESIONS IN MAN 


I will discuss the pathology under three main headings: (1) neonatal toxo- 
plasmosis, (2) disseminated severe acquired toxoplasmosis, and (3) acquired 
lymphomatous toxoplasmosis. This oversimplified classification is of practical 
value only, since there is much overlapping. The first two of these basic types 
are usually fatal, while the last is nonfatal, except in rare cases which are im 
properly diagnosed and treated. 


NEONATAL TOXOPLASMOSIS 


Perhaps paranatal toxoplasmosis would be a better term, since it is con 
ceivable that some cases may become infected in passing through the birth 
canal, or even shortly after birth. The occurrence of advanced cerebral diseas 
at birth definitely indicates intra-uterine infection, but in some cases the infant 
appears normal until the development of obvious hydrocephalus at the age ot 
t to 6 weeks. This does not, of course, rule out intra-uterine infection, but sug 
gests onset at a relatively late stage of fetal development. 

There seems to be ample evidence that the central nervous system of the 
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fetus and newborn infant is peculiarly lacking in resistance to this infection. 
The newborn infant may show hydrocephalus, microcephaly, or both, with 
extensive intracerebral calcification and the typical ocular lesions. 

Grossly necrotic areas in the brain, with extensive calcification, may be 
distributed in various ways: diffusely, periventricularly, or as single large, roughly 
spherical masses. In 2 of our cases, the gross appearance suggested primary 
brain tumor (3 and 5 em. in diameter). In these cases, microscopic examination 
showed that the large areas of gross necrosis were not uniformly necrotie. 
Peripherally, isolated nodules of microscopic size, composed largely of neuroglial 
cells, with a few lymphocytes and neutrophils, were seen. Toward the center of 
the lesion, these nodules became more numerous and eventually confluent. 
Many typical organisms, both intracellular and extracellular, were found in 
both cases. In other parts of the brain, isolated microglial nodules were seen. 
Thrombotic vascular lesions may, as suggested by Frenkel, play a part in forming 
these large areas of necrosis, but in the cases I have seen the vascular lesions 
could have been secondary to massive necrosis of neuroglial cells and neurones. 
Porencephalic cavities occasionally are seen, possibly, as suggested by Frenkel ,* 
on an allergic basis. Frequently the necrotic lesions, with accompanying calcifica- 
tion, have a periventricular distribution, as described in the original case re- 
ported by Wolf and Cowen.‘ 

The occurrence of necrotic foci with organisms in the liver, spleen, heart, and 
other organs is variable, and probably, as suggested by Frenkel,’ depends on the 
duration of the disease, these visceral lesions tending to disappear as the cerebral 
lesions progress. Occasional small areas of scar tissue may be found in the liver, 
pancreas, or kidneys. In one case a few Toxoplasma-laden cells, without in- 
flammatory response, were found in the myocardium; the other organs were 
negative. 

Eventually, recognizable organisms disappear from the cerebral lesions also. 
At this stage, it is not possible to make a histological diagnosis of toxoplasmosis, 
but a presumptive diagnosis may be made on the basis of immunological evidence. 
Intra-uterine infection with the salivary gland virus (SGV) not infrequently 
causes an entirely similar pathological picture (chorioretinitis, hydrocephalus 
with or without microcephaly, and periventricular cerebral calcification). Many 
radiologists believe that diffuse focal calcification is uncommon in SGV_ in- 
fection. If death occurs in a few weeks, the inclusions typical of SGV infection 
may be found; later they are absent. In a recent case in one of our university 
hospitals, the clinical picture, ocular lesions and radiological findings were typical 
of toxoplasmosis, but the characteristic viral inclusions were found in the urinary 
sediment. This infant died at the age of 5 weeks, and generalized SGV infection 
was found at autopsy. The periventricular lesions were extensively calcified, 
and inclusions were not found in the brain. In this case it appeared that the 
cerebral involvement antedated the generalized infection, and had “burned 
out.”’ I have a considerable collection of cases, with negative or equivocal dye 
tests, in which the only findings are chorioretinitis and hydrocephalus with 
calcification, and in which neither toxoplasmas nor SGV inclusions can be 
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found. In such cases, one can only conclude that either the virus of the protozoan 
may have caused the injury and then removed itself from the scene, or that 
other agents, as yet undiscovered, may cause identical lesions. I suspect that 
SGV infection accounts for only a small segment of the cases of nontoxoplasmic 


6 


calcifying encephalomyelitis®: ° originally described by Sabin. I hope that others 


will discuss this problem. 


DISSEMINATED SEVERE ACQUIRED TOXOPLASMOSIS 


This is a rare form of the disease, usually fatal. Occurring largely in adults, its 
course is rapid, usually 2 or 3 weeks. In about half of the reported cases there 
has been some underlying condition which would tend to suppress antibody 
formation; in the other instances it appears to occur out of a clear sky. In some 
cases,’ * the evidence has suggested flaring up of a latent infection rather than 
recent infection de novo. (I do not like the term “acquired,” but no better term 
has been suggested.) 

In general, this form of the disease appears to be characterized by a diffuse 
maculopapular rash, a specific form of atypical pneumonia, myocarditis, hepatitis, 
nephritis and meningoencephalitis, all of these lesions being associated with the 
presence of toxoplasmas, and an inflammatory reaction which may or may not 
be accompanied by frank necrosis.’ Most typically, the cerebral lesion is a 
diffuse one, with widely scattered glial nodes, resembling those of rickettsial 
and viral encephalitis. In a few cases, however, massive cerebral necrosis, diffuse 
or focal, or even a circumscribed necrotic nodule resembling a glioma may be 
found. 

Basically, acute severe disseminated acquired toxoplasmosis does not differ, 
histopathologically, from certain cases of paranatal toxoplasmosis, with dis- 
seminated infection. 


ACQUIRED LYMPHOMATOUS TOXOPLASMOSIS 

This is relatively common, and apparently represents the reaction of a healthy 
individual to primary infection (or possibly in some cases to flaring up of a latent 
infection). It may be accompanied by a mild febrile illness, or may be asympto- 
matic.'’: |! As has been pointed out, it simulates infectious mononucleosis. Since 
no fatal cases have been described, I will discuss the pathology only in reference 
to the lymph nodes. The possibility that subclinical disseminated lesions may 
occur has not been ruled out, as I will indicate later. 

The pathological picture in excised lymph nodes is of great interest and 
concern to the pathologist. The complete picture cannot be described, since 
sequential biopsies have not been made. In a number of excised lymph nodes, 
the microscopic picture has been that of marked hyperplasia, with blurring of 
the follicular pattern and marked hyperplasia of the reticuloendothelial cells 
lining the sinusoids (Fig. 100)."'» " Small giant cells may be seen in the sinusoids, ' 
and macrophages, both in the sinusoids and in the follicles, contain large amounts 
of nuclear debris. In only one instance have pseudocysts been found in such 
nodes.'! The microscopic picture in these cases, while unusual and possibly sug- 
gestive of toxoplasmosis, is not pathognomonic. In our case the picture was 
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Fic. 100. Benign lymphomatous toxoplasmosis, showing marked reticular cell hyper- 
plasia and a giant cell (Lymph node from case described in reference!’). 


interpreted by experienced pathologists as ‘“‘atypical hyperplasia,’ before the 
pseudocysts and serological reaction led to an etiological diagnosis. (Atypical 
hyperplasia indicates a peculiar response of lymphoid tissue to a variety of 
agents, known and unknown, and is used to indicate that the condition is not 
truly neoplastic.) 

In other cases, however, either because of a different reaction pattern or a 
different stage in the reaction, architectural distortion and the presence of large 
atypical cells have led thoroughly competent pathologists to make an incorrect 
diagnosis of malignant lymphoma (Hodgkin’s disease or reticulum cell sarcoma). 

In one case which came to my attention several years ago, a lymph node 
biopsy led to a diagnosis of “probably lymphoma.” The patient, a 26-year-old 
man, was treated by x-radiation and rather large doses of cortisone. Two months 
later death occurred, and massive diffuse softening of both cerebral hemispheres 
was found, with toxoplasmas present in extraordinarily large numbers. No 
conclusions can be drawn from this isolated case, but it seems reasonable to 
assume, especially in view of Frenkel’s experimental observations, that the 
cortisone (perhaps enhanced by the radiation) may have converted a benign 
lymphomatous infection into a fulminating encephalitis. This indicates the 
importance of accurate diagnosis. 

On the other hand, in a case which I reported with Hemsath,’ it seemed more 
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probable that disseminated toxoplasmosis was secondary to agnogenic myeloid 
metaplasia, a condition somewhat related to leukemia. In this case, disseminated 
salivary gland virus infection was also present, and presumably both the protozoal 
infection and the viral infection were activated from a dormant state by im- 
munological impairment resulting from the blood dyscrasia. 


BENIGN TOXOPLASMOSIS IN THE CHIMPANZEE 


Finally, I would like to present briefly the pathological findings in two chim- 
panzees, inoculated intramuscularly in the right arm with huge numbers of 
toxoplasmas (BDA strain). This work was carried out with Dr. F. Stephen Vogel, 
and has not been reported. 

The two chimpanzees remained clinically well, and were sacrificed 29 and 110 
days after inoculation. At 29 days, there was marked generalized lymphadenitis, 
the axillary nodes ranging up to 3 cm. in diameter. Microscopically a histological! 
picture of benign lymphomatous toxoplasmosis similar to that seen in man was 
present. In some nodes, large cells of the Reed-Sternberg type were present, 
and the picture resembled that of Hodgkin’s granuloma. In the animal sacrificed 
at 110 days, the lymph nodes were still large and hyperplastic, but otherwise not 
remarkable. 

In both animals, unexpected cerebral and myocardial lesions were found. 
At 29 days, the brain contained scattered areas of necrosis and cellular reaction, 
with many Toxoplasma cysts. At 110 days, the cerebral lesions were smaller, 
and consisted of neuroglial scars, without organisms. The myocarditis was 
severe in the 29-day animal but showed evidence of healing in the chimpanzee 
sacrificed at 110 days. 

These observations are mentioned because they suggest the possibility that 
lymphomatous toxoplasmosis in man may not always be as benign as it has beet 
thought to be. A neurological and psychological follow-up of cases recovering 
from benign lymphomatous toxoplasmosis would be of considerable interest. 
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Lainson: What was the strain, Dr. Pinkerton, that you used in the chim- 
panzee? 

Pinkerton: The BDA strain. We gave, intramuscularly, very large numbers of 
organisms from the mouse peritoneal cavity. This strain was fatal for mice 
when 2000 organisms were injected intraperitoneally, but caused only inap- 
parent infection in rats. 

Stim: Did you find any lesions in the eyes? 

Pinkerton: No, the eyes were carefully studied and found to be normal in 
both the 29-day and the 110-day animal. We did not study serial sections for 
the presence of cysts. 

Leopold: 1 would like to ask whether the hypothalamic areas of the pituitary 
glands were ever involved? 

Pinkerton: My recollection is that they were not any more or less involved 
than the other parts of the brain. 

Goldman: You mentioned a case that was diagnosed as lymphosarcoma, or the 
person was treated for lymphosarcoma. I heard about a very similar case last 
week. A pathologist attending a course at Communicable Disease Center told 
us about this. The patient was a 60-odd-year-old man in New York City, who 
came to autopsy. He had been diagnosed as having lymphosarcoma and had 
been treated with irradiation and corticoids. At the time of autopsy, an intern 
put some of the lymph nodes into mice. Sections were prepared from the lymph 
nodes and passed around and diagnosed by most of the pathologists who saw 
them as lymphosarcoma, but the animals came down with toxoplasmosis. 

Pinkerton: Of course, the question always is, does the patient have a 
reticuloendothelial disease and for that reason get a lowered resistance and 
have a flare-up of his toxoplasmosis, or does he have only toxoplasmosis, 
histologically simulating a lymphoma, and therefore get maltreated and have a 
flare-up? That is very difficult to decide in any individual case because, as I 
pointed out, pathologists do not always agree, even if they are experts on lymph 
node pathology. 

Zimmerman: As a matter of fact, this is a very common diagnostic problem. 
Dr. Robert Lukes, who is Chief of the Reticuloendothelial Pathology Branch at 
the Armed Forces Institute of Pathology (AFIP), spends just about his entire 
day, 5 or more days each week, handling cases such as this—cases that are sent 
into the AF IP with the story that the slides had been seen by several pathologists, 
half of whom interpreted the process as malignant lymphoma and half who 
believe it was merely a reticuloendothelial hyperplasia. Most of the time, the 
follow-up indicates that the disease is not malignant lymphoma, and we con- 
clude that the process is severe reticuloendothelial and lymphatic hyperplasia of 
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undetermined etiology. How many of these might be due to Toxoplasma, of 
course, we do not know. 


OCULAR PATHOLOGY OF TOXOPLASMOSIS 


LORENZ E. ZIMMERMAN 


Chief, Ophthalmic Pathology Branch; Registrar, Registry of Ophthalmic Pathology; 
Armed Forces Institute of Pathology, Washington 25, D. C. 


The characteristic lesion produced in the eye by Toxoplasma gondii is observed 
in the posterior segment. It is a segmental area of panophthalmitis (lig. 101). 
Within the typical segmental lesion, the retina and choroid exhibit varying 
degrees of coagulative necrosis (Figs. 102 and 103). The architecture of the retina 
within this area is completely destroyed and frequently only the ghostly remains 
of retinal nuclei can be seen. It is among these karyolytic retinal cells that the 
parasites are usually found (Figs. 104-108). Considerable experience is required 
in differentiating the parasites from disintegrating nuclei. Oil-immersion mi- 
croscopy is essential but special staining methods have not been especially 
useful in identifying the organisms. Also observed within the necrotic retina are 
many dispersed melanin granules derived from the pigment epithelium of the 
retina (Fig. 107). The latter also is involved in the coagulative necrosis. The 
choroid and sclera adjacent to the area of retinal necrosis often exhibit coagula- 
tive necrosis (Fig. 103) but in other instances they are thickened by a massive 
proliferation of epithelioid cells, lymphocytes, and plasma cells (lig. 102). 

The margins of the chorioretinal lesion are usually quite sharp and there is an 
abrupt change from completely necrotic retina into chronically inflamed but non- 
necrotic retina in which the tissue architecture is still intact (Fig. 109). Ex- 
amination of the retina away from the area of segmental panophthalmitis 
reveals nonspecific chronic inflammatory changes. There are often clusters of 
large mononuclear cells adherent to the internal limiting membrane of the 
retina (Fig. 110). These are analogous to the ‘‘mutton fat precipitates’’ observed 
on the inner surface of the cornea (Fig. 111) and to the Koeppe nodules observed 
on the iris. While present in many cases of toxoplasmosis, they are observed in 
many other types of granulomatous inflammation of the eye, including sym- 
pathetic uveitis and phacoanaphylaxis. Other nonspecific changes observed in 
the retina include perivascular lymphocytic infiltration, edema, gliosis, and 
degeneration of neurons. Retinal detachment and retinal hemorrhage may be 
observed but these are unusual complications. 

While variations in the size of the lesion and in the relative amounts of coagula- 
tion necrosis versus granulomatous inflammation in the choroid and sclera do 
occur from one case to the next, there is, nevertheless, a remarkable similarity in 
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Fic. 101. Characteristic segmental lesion of acquired toxoplasmosis with coagulative 
necrosis of retina and choroid and granulomatous inflammatory reaction in choroid, sclera 
and episclera. A, X 2. B, X 11 (AFIP Ace. 211318). 


the over-all pathological picture as it is observed throughout in any group of 
cases. This has given rise to the impression that the typical lesion is in itself 
almost diagnostic of ocular toxoplasmosis, even when the parasites cannot be 
demonstrated unequivocally within the affected tissues. 

The morphological characteristics of the parasites are described by other more 
expert participants in this symposium. I will state only that both encysted 
colonies and free proliferative forms observed as pairs or small groups of crescent 
shaped organisms have been found in the necrotic retina. Rarely, if ever, are the 
organisms found in other ocular tissues. 

The anterior segment of the eye reveals changes which may be indicative of a 








SURVEY OF OPHTHALMOLOGY 








Fic. 102. The necrotic retina is very friable and is often fragmented during sectioning. 
In this case the choroid shows little necrosis, but it is greatly thickened by granulomatous 
inflammatory tissue. X 10 (AFIP Aec. 482589). 

Fic. 103. In this case the coagulation necrosis involves the choroid and sclera as well as 
the retina. X 48 (AFIP Ace. 165904). 


granulomatous or of a nongranulomatous inflammatory process. Frequently 
there are large “mutton fat KP’s” consisting of agglutinated masses of large 
mononuclear cells adherent to the corneal endothelium (Vig. 111). Similar cells 
may be observed on the anterior surface of the iris and lens. They are not 
pathognomonic of toxoplasmosis but may be found in many other forms of 
granulomatous inflammation within the eye, including such diseases as sym- 
pathetic uveitis and phacoanaphylaxis which are generally considered to be 
inflammatory processes, produced by autosensitization. The iris and ciliary 
body usually exhibit chronic inflammatory changes which may be typically 
granulomatous or nongranulomatous. In some cases only diffuse infiltration by 
lymphocytes and plasma cells is observed while in other instances a considerable 
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Fic. 104. A pair of crescent-shaped proliferative forms of Toxoplasma is indicated by 
arrow in the necrotic retina shown below and to left of internal limiting membrane (V/ 
From same lesion shown in Figure 101. X 1800 (oil immersion). 

Fic. 105. A pair of crescent-shaped proliferative forms of Toxoplasma (arrow) is seen 
among the disintegrating retinal cells. X 2160 (oil immersion) (AFIP Ace. 70313). 

Fic. 106. A group of proliferative forms is shown within an area of coagulation necrosis 
in which the retinal cells have all virtually disappeared. From same lesion shown in Figure 
103. X 4320 (oil immersion). 


number of epithelioid cells may greatly thicken the tissues (lig. 112). In any 
event, the results of histopathological study of the anterior segment cannot be 
considered diagnostic of toxoplasmosis. 

From the standpoint of differential diagnosis, a number of other diseases 
readily may be excluded. Leprosy and sarcoidosis are almost always confined 
to the anterior segment tissues and in neither disease do we find the characteristic 
posterior segmental panophthalmitis observed in toxoplasmosis. Furthermore, 
in lepromatous leprosy (the only type of leprosy to produce a uveitis) the acid- 
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Fic. 107. Two groups of encysted organisms (arrows) are shown in the necrotic retina 
just below the internal limiting membrane (1/). Scattered throughout the retina are many 
pigment granules from the necrotic retinal pigment epithelium. X 1190 (oil immersion) 
(AFIP Ace. 37670). 

Fic. 108. A group of encysted forms (arrow) is shown among several pyknotie retinal 
nuclei. X 1410 (oil immersion) (AFIP Ace. 754058). 


fast bacilli are characteristically very numerous within the infected ocular 
tissues. In sarcoidosis, there is little or no necrosis and the reaction consists 
principally, if not entirely, in the formation of discrete epithelioid tubercles which 
appear remarkably constant in size and shape. 

Phacoanaphylaxis is readily differentiated by observing that the main in- 
flammatory reaction is centered about the injured lens. The retina frequently 
exhibits nonspecific perivascular lymphocytic infiltration and nodular aggrega- 
tions of large mononuclear cells on its internal limiting membrane, but the 
typical retinal necrosis and segmental panophthalmitis are not observed. 

Sympathetic uveitis is characterized by diffuse granulomatous inflammation 
of the choroid. This choroidal reaction in any given field may look indistinguish- 
able from the granulomatous choroiditis that may be observed in the immediate 
vicinity of the characteristic segmental lesion of toxoplasmosis. The over-all 
pattern, however, is entirely different and the characteristic segmental lesion 
of toxoplasmosis is not seen in sympathetic uveitis. Furthermore, retinal necrosis 
is not observed in sympathetic uveitis. 

Syphilitic lesions are difficult to characterize because they are so rarely ob- 
served today and it is so difficult to obtain proved cases for study. Lesions which 
I have seen, in which spirochetes were demonstrated by Mrs. Foerster (Wilder), 
have been characterized by extensive hemorrhagic necrosis. They have been 
much more diffuse and have involved both the anterior and posterior segments 
of the globe. 

Tuberculosis is probably the most important disease to be differentiated from 
toxoplasmosis since most of the proved cases of toxoplasmosis which comprised 
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Fic. 109 A and B. Abrupt demarcation between necrotic, disorganized retina (Left) 
and non-necrotie retina (Right). A, X 50 and B, X 90 (AFIP Acc. 754058). 


Mrs. Foerster’s (Wilder) original group of cases had previously been considered 
examples of tuberculosis. In retrospect, however, it is interesting to note that 
none of our proved cases of ocular tuberculosis (in which tubercle bacilli can be 
demonstrated within the lesions) have lesions which resemble the one that is so 
characteristic of toxoplasmosis. Tuberculous infection of the eye is characterized 
by a progressive necrotizing process which tends to spread in contiguous tissues 
and lead to perforation of the ocular coats. The disease may be confined to the 
anterior segment or to the posterior segment or it may progress to involve the 
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Fic. 110. Clusters of large mononuclear inflammatory cells adherent to the inner surface 
of viable retina may be observed at a distance from the characteristic segmental lesion. 
They resemble the ‘“‘mutton-fat precipitates’? found so characteristically on the corneal 
endothelium in cases of granulomatous uveitis (see Figure 111). There is also lymphocytic 
cuffing about the intraretinal vessel on the left. From same case as Figure 107. 


entire eye in a very diffuse manner. Instead of the seemingly bland coagulative 
type of necrosis observed in toxoplasmosis, the tuberculous lesion contains 
areas of suppuration as well as granulomatous inflammation. 

The pattern of retinal necrosis and granulomatous inflammation of the choroid 
adjacent to the area in which the retina is necrotic may be observed in tubercu- 
losis, cryptococcosis, and apparently in cytomegalic inclusion virus disease. 
In such cases that I have studied histopathologically, the retinal necrosis is 
much more extensive and ill-defined as is the reactive choroiditis. The lesions 
lack the sharp delineation that appears to be so characteristic of toxoplasmosis. 
I mention this mainly because it would seem that in a number of infectious 
diseases the organisms may spread to the eye by way of the retinal circulation 
and the organisms may actually find a more fertile soil for propagation within 
the retina than within the uvea. At any rate, I have been impressed by the fact 
that ina number of cases of tuberculosis as well as in all the cases of toxoplasmosis, 
the organisms, while often numerous in the retina, may be impossible to demon- 
strate in the choroid. It is suggested, therefore, that the granulomatous in- 
flammation observed in the uveal tract may represent an immunological defense 
reaction to antigenic stimulation from the infected retinal tissues. 
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Fic. 111 A and B. ‘‘Mutton-fat precipitates’ on inner surface of cornea are composed 
of large and small mononuclear inflammatory cells. A, X 7 and B, X 460. From same case 
as Figures 108 and 109. 


diagnosed toxoplasmic chorioretinitis. Tr. Am. Acad. Ophth. & Otol., 58: 193-200, 
1954 


Zimmerman: Figure 110 shows intraretinal periphlebitis or perivascular 
cuffing of lymphocytes, or whatever you will. There are also cellular clusters 
on the vitreal side of the retina. These are not intraretinal, but are comparable 
to the agglutinated masses of large mononuclear cells which we see so frequently 
on the inner surface of the cornea and which the ophthalmologist calls ‘‘mutton- 
fat EP's.” 

Frenkel: What would this type of lesion be called clinically? 

Zimmerman: The ophthalmologist would call these cellular accumulations 
Vitreous opacities, because they diminish the normal transparency of the vitreous. 
In older lesions, the retina may become markedly thinned and replaced by a 
glial sear. 

Hogan: What evidence would you require in microscopic sections for evidence 
of a hypersensitivity reaction to these organisms? 
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Fra. 112. Granulomatous reaction in iris with peripheral anterior synechia. X 75 (AFIP 
Ace. 171510). 


Frenkel: Well, let us examine the evidence that we have from the skin-testing 
material. If we inject toxoplasmin intradermally in the normal, nothing happens; 
the antigen is nontoxic per se. If we inject it into a sensitized subject an area of 
erythema and induration develops after a day or two. This would seem to in- 
dicate that the antigen as such is noninjurious to the normal individual. How- 
ever following infection, there develops an allergic reaction, a changed reactivity. 
This changed reactivity could be the result of antigen-antibody complexes, 
which themselves are injurious, or since it is present even in the absence of 
ordinary antibody, such as in tuberculosis, it could be due to the hypersensitivity 
which is cellular since transferable by cells. 

If one has live organisms that multiply and destroy cells, one gets cellular 
infiltration asa result of the individual destroyed cells. If proliferative organisms 
are only within cells, there is no reaction, just as we see no reaction with in- 
tracellular cysts. 

Therefore, my interpretation of ocular lesions associated with cyst rupture 
is based on the presumption that these organisms which are going to die, which 
are not parasitizing new cells, should elicit a minimal reaction. However, since 
the reaction is very intense with much necrosis, more intense than one would 
observe in the ordinary animal, I conclude that hypersensitivity plays an im- 
portant role. I think that there could be a level where it is impossible to say 
whether this is the normal amount of reaction or a hypersensitive one. One would 
expect a small amount of inflammatory reaction in a biopsy site even in a patient 
that is skin test-negative, and then there are reactions that are 100 sq. mm. in 
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size, which you then call positive. But there is something in between which some 
people call negative and others call positive, and still others call doubtful. 

I think that hypersensitivity is present if there isa marked cellular reaction, 
if it is more violent than would occur under normal circumstances. We use 
as baseline controls primary infections or early infections, where the lesions 
show very few cells present. 

Hogan: The cellular reaction would consist primarily of plasma cells? 

Frenkel: No, not only plasma cells. There are also polymorphonuclear 
neutrophils and mononuclear cells and some cells that I do not know what they 
are. But plasma cells are quite in evidence. However, I am not considering this 
as a prime point of importance—only the intensity of the cellular reaction is the 
basis of making a diagnosis of hypersensitivity. 

Leopold: Have skin biopsies been made at the site of such reactions in the skin? 

Frenkel: Not to my knowledge with toxoplasmin. However, tuberculin reac- 
tions have been biopsied, and the lesions resemble those of periarteritis nodosa. * 

Zimmerman: There is one thing I meant to mention; that is, while the lesion 
as seen in the majority of cases is characterized by coagulative necrosis, occa- 
sionally we see hemorrhagic necrosis, with polys, as you mentioned, suggesting 
the possibility of an Arthus type of hypersensitivity component. I just wondered, 
and I meant to ask this also this morning when we were talking about skin 
tests, are the skin-testing reactions always classically of the delayed tuberculin 
type, or do you occasionally encounter evidence of an Arthus type of skin reac- 
tion? I direct that to the various people who have been doing skin sensitivity 
tests. 

Frenkel: I use the control antigen all the time, and I think, to date, I have 
seen three people who had a positive control reaction. All three were laboratory 
workers, and in them the reaction came up much earlier, in a couple of hours. 
It was intense and itching, and then it subsided by the usual reading time of 
48 hours. I interpret this as an Arthus-type reaction to mouse protein. I do not 
believe I have ever seen an Arthus-type reaction, that is, an antigen-antibody 
reaction, coming up early, which I could attribute to Toxoplasma. I have not 
seen one. 

Kaufman: In the early phases of the immunological response to Toxoplasma 
one sees a polymorphonuclear exudate. This is the same as Silverstein and 
others report with various antigens and follows a similar course, except that 
Toxoplasma is the exciting antigen.t,f,§ With Toxoplasma antigen there may 
occur initially a polymorphonuclear leukocyte response and an Arthus-like 
response. 


* F. Pascher, M. B. Sulzberger, and D. L. Satenstein: J. Immunol., 46: 195-206, 1943; 
P. G. H. Gell and I. T. Hinde: Internat. Arch. Allergy, 5: 23-46, 1954. 

+ A. M. Silverstein and L. E. Zimmerman: Immunogenic endophthalmitis produced in 
the guinea pig by different pathogenic mechanisms. Am. J. Ophth., 48 (Part II): 435-446, 
1959. 

t L. E. Zimmerman and A. M. Silverstein: Experimental ocular hypersensitivity. Histo- 
pathologic changes observed in rabbits receiving a single injection of antigen into the vit- 
reous. Am. J. Ophth., 48 (Part IT): 447-461, 1959. 

§ B. Foss: Acta path. et microbiol. seandinav. (Supp. 81), 1-128, 1949. 
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This is an afternoon of speculation about such things as: (1) the relationship, 
if any, of Besnoitia and Sarcocystis to Toxoplasma, (2) whether cysts leak, (3) 
whether cysts break open, and (4) what relationship antibodies have to cyst 
rupture, when they appear to have little or no relationship to cyst formation. 
In experimental guinea pig uveitis, the cysts have no inflammation around them, 
although in very unusual instances they may be surrounded by inflammation 
(Fig. 113). 

Frenkel: Have you had experience with hamsters? 

Kaufman: A hundred hamsters were treated by injection subcutaneously; 
we were unable to find uveitis, but we may have done something wrong. 

Frenkel: In my guinea pigs and mice, I have found cysts without inflammation, 
but in the hamster, it is different. 

Kaufman: There are several phenomena that need some explanation. For 
example, Dr. Remington has put microisolated cysts into the peritoneum of 
mice. These mice became infected and they died, so that, somehow,,.these cysts 
must have broken open. 

Secondly, we see cysts usually without inflammation, but it is rare to see 
intact cysts where there is inflammation. One wonders whether a leukocytie 
infiltration might occur on an allergic or other basis, such as after radiation, 
leukemia or lymphosarcoma, and whether the inflammation might not in some 
way be responsible for the rupture of the cysts. 

What we have done, for example, is to grind up brain and muscle and put 





Fic. 113. Guinea pig retina with cysts 
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these homogenates in with microisolated cysts. This is then incubated but the 
cysts remain intact. 

In at least one or two experiments in which cysts have been exposed 
to homogenized white cells we have seen cyst rupture. Whether further work 
will confirm this, I am not sure, but it is an intriguing possibility that inflamma- 
tion from whatever cause may come first and that the enzymes within the white 
cells might then cause cyst rupture. 

Feldman: Are those white cells from normal animals? 

Kaufman: Yes. Polymorphonuclear cells. 

Feldman: No monocytes? 

Kaufman: 1 have done this only once with mononuclears, and cyst rupture 
did not occur. This work has just begun. 

Leopold: What would happen if you gave the animals steroids? 

Kaufman: | have given some chronically infected rabbits steroids, 50 mg. of 
hydrocortisone intramuscularly a day, for 12 days. These chronically infected 
rabbits had no recurrence of the ocular disease, nor did they develop systemic 
symptoms. 

Leopold: Did you see this picture in their eyes? 

Kaufman: They had cysts in their eyes. 

Leopold: With no inflammation? 

Kaufman: That is right. Dr. Pinkerton discussed pathogenesis. It is interesting 
that with toxoplasmas within tissue culture cells, the cells can migrate and 
divide as if the organisms in no way interfered with cellular functions. 

Halbert: | would like to ask Dr. Frenkel if he has studied his animals in which 
toxoplasmosis has become activated under treatment with cortisone and other 
steroids. Is there a change in the inflammatory response around the cysts, in 
the early stages of this reactivation, or just how do the cysts rupture? 

Frenkel: Well, this might involve serial biopsies and I have not done that. 
However, I have not seen an inflammatory reaction around intact cysts in 
hamsters that died from relapsing toxoplasmosis. A dose-response reaction to 
cortisone is shown in Figure 1 of a paper which appeared in 1960.* 

Leopold: You did this with only one type of animal? 

Frenkel: The experiment shown involved only hamsters. I have done a similar 
experiment involving mice. There appeared to be no reaction around the cyst 
proper prior to its rupture. 

However, I have studied the inflammation in animals treated with cortisone, 
at the time they were moribund, and at that time, of course, the intact cysts 
are not the ones that cause death; it is the proliferative organisms, and the in- 
flammatory reaction to them is a little different from what one sees ordinarily. 
There is much more tissue destruction, much more necrosis. T 

Remington: I would like to comment on what Dr. Frenkel has said. When it 
became apparent that trypsin could digest the cyst wall it was suggested that 
this enzyme might also disrupt the intact cyst wall in vivo. It is known that white 

* J. K. Frenkel: Proc. Soc. Exper. Biol. & Med., 103: 552-555, 1960. 

+ Compare Figures 14 to 16 in J. K. Frenkel: Ann. New York Acad. Se., 64 (No. 4): 
215-251, 1956. 
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cells contain a tryptic enzyme capable of destroying the ‘‘M” protein of the 
streptococcus. If definitive inflammation about a cyst could be demonstrated, 
it might be possible that enough enzyme could be released by the cells involved 
in the reaction to destroy the cyst wall thus liberating the parasites. 

I have never seen a reproduction in the literature of a picture depicting an 
inflammatory reaction about an intact or ruptured cyst, or around a structure 
that I might define as a cyst, to my satisfaction. Perhaps this is due to un- 
satisfactory black-and-white reproductions of color photographs. 

Initially, we chose the plasmin system as a physiological one that might digest 
the cyst wall in vivo. Plasmin is a tryptic enzyme which digests the fibrin clot. 
As an activator of its precursor plasminogen we used streptokinase. Using our 
methods, we were unable to demonstrate dissolution of the cyst wall by this 
enzyme. 

Next, I turned to sections of brain to see if I could actually find inflammation 
about a cyst (lig. 114). I feel that they may be most important to the ophthal- 
mologist. This is a section of a brain from a mouse chronically infected with the 
Beverley strain. You can see many cysts present. The arrow points to an area 
of inflammation surrounding one of the PAS positive cysts. 

The cysts in Figure 115 did not turn out very well on reproduction, but under 
high power one can see the broken cyst wall and the individual organisms 
scattered about. These microscopic sections were prepared for me by the Cancer 
Institute using Wilder’s technique. I doubt very much that what you see here 
would take place as an artifact. 

In Figure 116 one can visualize another cyst with an inflammatory reaction 
around it. I was unable to obtain satisfactory resolution under oil to obtain 
good reproductions, but the PAS positivity of the structure can be seen. This, 
then, does lead one to believe that inflammatory reactions do take place around 
cysts in vivo, and that, perhaps, enzymes released from the white cells involved 
may be the cause of the disruption of the cyst. How the white cells accomplish 
this, if indeed they do at all, or what the tactic device is for the white cells to 
get to the cyst is of course another problem. 

Maumenee: How long had that animal been infected? 

Remington: About 4 months. 

Feldman: That was a mouse? 

Remington: Yes, a mouse. We are unable to differentiate clinically between a 
chronically infected mouse and a normal mouse by simple observation. 

Zimmerman: I could not tell whether you concluded that the polys congregated 
first. 

Remington: No, as I said, I do not know what the chemotactic device is for 
the leukocytes to get there. 

Feldman: Those are polys? 

Remington: Yes, most of them are polys. There are also a few monocytes. 

Zimmerman: I still do not understand. Are you saying that the cysts ruptured 
and they stimulated the polys, or the polys got there and their enzymes caused 
the rupture of the cyst? 

Remington: I am not certain. What I am saying is that I did find cysts which 
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Fig. 114. Brain of chronically infected mouse. (Note multiple PAS positive cysts. Arrow 
points to area of inflammation surrounding one of these cysts). 
Fic. 115. Inflammation around a Toxoplasma cyst 
Fic. 116. Inflammation surrounding a Toxoplasma cyst (under oil immersion) 
Fic. 117. Toxoplasma cyst (microisolated and placed in trypsin solution) 


were surrounded by an intense inflammatory reaction. These are the first cysts 
with such a reaction that I have seen that satisfy my criteria that there are even 
cysts involved. I also know from previous publications that there are tryptic 
enzymes in white cells, and that enzymes such as trypsin can digest the Toxo- 
plasma cyst wall. Later, we will have a time lapse movie of cyst rupture taking 
place in pepsin solution that you may find interesting. 

Pinkerton: | wonder if there could not be another explanation for finding the 
cyst inside an area of inflammatory cells. The organisms, it seems to me, might 
encyst in the midst of an inflammatory reaction which was due to destruction of 
brain or other tissue, and the inflammatory cells might not be there because of 
the cyst but merely because the encysting had taken place before the inflam- 
matory reaction had subsided. 

Remington: Yes, it is possible. I do not know. 

Hogan: I have just one or two comments. I think we are looking a little far 
afield for the reason for rupture of the cyst. I do not think you have to postulate 
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white cells or other substances. There are changes going on in the body all the 
time, which may affect these cysts. For example, in the human Toxoplasma 
infections of the eye, hormonal changes certainly have an effect on them. It is 
not uncommon for chorioretinitis to relapse during pregnancy. I think that all 
of us have seen examples of this. I reported one case several years ago, in which 
three relapses occurred during four pregnancies in a woman who had congenital 
toxoplasmosis. I think that the local tissue alterations caused by the hormonal! 
changes incident to pregnancy certainly cause the recurrence of the disease. 

In the eye, also, it is common to find the cysts in the reasonably healthy retinal 
tissue adjacent to the necrotic retina. I have seen this many times. I think, 
just because a retina has survived an attack of toxoplasmosis does not mean 
that retina is going to be healthy for 1 year or 2 years or 5 years. If any of you 
have ever injured a joint or a leg and had it eventually heal, you know that this 
leg or joint is not as healthy as it was prior to the injury. I think that local 
changes occur frequently in the tissue, and the local changes that occur as a 
result of shrinkage or degeneration of cells, even at a very late date, will produce 
a probable rupture of the cyst and recurrence of the disease. 

We have seen this in herpes simplex infections of the cornea, where the cornea 
has a well healed sear. Then, 1, 2 or 5 years later, local alterations in the scar 
result in a recurrence of the herpes in the epithelium of the cornea. 

As far as corticosteroids are concerned, I am not quite sure whether you used 
equivalent doses of corticosteroids when you used prednisolone, methyl- 
prednisone, and other steroids, because, as I remember, when these drugs are 
given in equivalent dose, they all have about the same anti-inflammatory 
effect. For this reason, I do not see how your results could be different if they 
were given in equivalent, doses. 

The eve of the guinea pig is excellent for the study of experimental toxo- 
plasmosis. One can examine the fundus and the anterior segment of the eye with 
a slit-lamp, and see whether a chorioretinitis is present or not. We have produced 
chorioretinitis in a large series of guinea pigs, and treated them with various 
types of corticosteroids. We were never able to produce a relapse of the disease 
in the eves of these guinea pigs. 

A third comment is that we have found organisms in the choroid in two 
cases of congenital toxoplasmosis. We also have found organisms in the subretinal 
fluid of an adult patient with toxoplasmic retinitis. 

Zimmerman: Did I understand correctly that you found cysts in the norma! 
retina adjacent to the lesions? 

Hogan: Yes. 

Zimmerman: Have these ever been illustrated? 

Hogan: Yes, | think Mrs. Foerster has illustrated some of those. 

Zimmerman: Not outside the lesion. 

Hogan: Well, we have found them in the normal retina adjacent to the lesions 

Frenkel: That was in babies. 

Hogan: Oh, no, in adults. 

Wanko: I would like to ask Dr. Frenkel several questions. First, what silver 
stain did you use for the cyst wall? Secondly, my impression was that the capsul« 
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stained less intensely with PAS than the inside of the organisms. Would you 
comment on that? Then, I want to ask whether you did any further histochemical 
determination of this PAS-positive material. Maybe, Dr. Zimmerman, you did 
polysaccharide stains on cysts or encysted organisms? I wanted to ask also Dr. 
Zimmerman or Dr. Pinkerton, what kind of cell, in the brain or in the eye, might 
be afflicted by the organism; and finally, is there any preference or no preference 
at all with regard to host cells? Does the organism migrate from the blood into 
the tissue inside a white blood cell or as a free organism? 

Zimmerman: As for the retina, it is too necrotic to be able to identify the type 
of cells in which the organisms reside. As a matter of fact, most of the organisms 
that can be identified seem to be extracellular. I would not have any idea what 
type of cell they were parasitizing. 

Frenkel: 1 do not know, either, exactly what cells they parasitize in the human 
retina. They are in the inner nuclear layer. I have never seen them in the outer 
nuclear layer that I recall. But the cells are so close together that you could not 
be sure there was not another cell in between. 

As to the histochemical techniques, I have never done anything but the diastase 
method which removes PAS-positivity from the organisms within the cyst. The 
PAS is just like Dr. Feldman’s dye, an indicator. The capsule stains paler, as 
you pointed out, than the intracystie or intraorganismal glycogen. The capsule 
staining is not removed by diastase treatment, and is due to unknown sub- 
stances. 

The silver stain that I generally use to stain cyst walls is Foerster’s reticulin 
technique. Protargol (silver albuminate) will work, and Laidlaw’s reticulin 
method will work, too. As you know, with any silver stain, one can sometimes 
stain nuclei, or if modified, microglia, or astrocytes. Silver stains are very 
versatile, but they are not histochemical reactions. The diastase digestion of 
glycogen is something that I think is meaningful. 

Dr. Hogan mentioned earlier that pregnancy can cause relapse of eve lesions, 
but that, on the other hand, he did not feel that cortisone causes relapses. I 
do not feel, either, that cortisone causes cysts to break. It is my opnion that if 
a cyst breaks accidentally, for whatever reason—TI do not know why they break 
if the patient is on corticoid treatment, then the organisms will be able to 
parasitize new cells and proliferate in them. On the other hand, if he is eucorticoid, 
his immunity is up to normal and the chances are that these organisms will be 
destroyed. I think it would be very interesting to try to find out why cysts 
rupture. 

I personally disagree with Dr. Remington that the leukocytes are important 
factors in cyst breakdown. Then, one would expect to find many cysts surrounded 
by leukocytes, and one could find some of them being ruptured and having a 
lot more leukocytes. I think these leukocytes come after a cyst leak or cyst 
rupture. However, it would be very interesting to find out if there are any host 
influences that cause the rupture. What causes it in pregnancy if, indeed, this 
is an effect? I have noted a flare-up during pregnancy too, but I am not sure 
that, statistically speaking, it is at all meaningful. 
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Do you have any statistics, Dr. Hogan, that indicate that in your patients 
with chorioretinitis, pregnancy produces a relapse? 

Hogan: No, I do not know of any. 

Frenkel: The only example that I know of, which is somewhat similar, is in 
pigeons with chronic, inactive psittacosis where one cannot find virus in the 
stools. If they mate and lay eggs, they start to excrete virus again. There, of 
course, the virus is proliferating in the gastrointestinal tract. 

Hogan: I only cited this example because it is something that has been noticed 
by ophthalmologists for many years. If a female has a chorioretinal scar, quite 
often, during pregnancy, a recurrence of the disease is seen. Also, I was impressed 
by one patient of ours who had three recurrences during four pregnancies. 

Stim: Do you find any increase in antibody titer during these recurrences? 

Hogan: Oh, yes. 

Stim: On a significant level? 

Hogan: Usually quite high levels, 1:16,000 to 1:32,000. 

Stim: From which titers? 

Hogan: Well, at the time we saw them, they were this high, and then, in time, 
they gradually became lower. 

Remington: I think it is time someone defined the difference bet ween hypothesis 
and fact. It is extremely important for all of us to gain knowledge of how toxo- 
plasmic uveitis occurs in persons with the chronic infection. Many authors have 
published, as fact, that Toxoplasma cysts do break open in vivo. I presented 
slides today to show you that inflammation can take place about a cyst, in vivo, 
but I have no definitive proof that this takes place in the eye in human cases 
nor do I know of any other published data to suggest this. However, I do con- 
sider cyst rupture in vivo a possibility—but this is hypothesis. I have no proof; 
this is fact. I would not like anybody to leave here with the notion that I can 
prove that the cyst breaks open. What I think does not matter here. 

Eyles: 1 would like to ask you, Dr. Remington, were they only the very large 
cysts that you saw that had inflammation around, or were they both small and 
large? 

Remington: I examined well over 1000 sections and this would be at least 
a multiple of 10 in numbers of cysts on each section. These few cysts are the 
only ones that I have found to be accompanied by inflammation. And these 
were large cysts. 

Lainson: I have been looking for visual evidence of naturally rupturing cysts 
in chronically infected animals for a long time, with no success whatsoever. 
What I have frequently found in the brains of infected mice are large cysts with 
variable numbers of little “‘satellite” cysts around them. This occured in in- 
fections of 3, 4, and up to 10 months’ duration. The “satellite” cysts may con- 
tain anything from 2 individual toxoplasmas to a few hundred. 

I am wondering if there may not be a slow leakage of parasites from a cyst 
which still remains, to all intents and purposes, intact. 

Frenkel: In what host animal? 

Lainson: This was in mice and guinea pigs. 

Remington: Figure 117 is a photograph of a microisolated cyst. There are thou- 
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sands of organisms within the wall of a cyst this size. If one places such a cyst in 
distilled water, the organisms can be seen to shift over to one side, and one can 
then see the cyst membrane more clearly. The organisms appear to be undulating 
up and down within the cyst and I feel certain from my observations that there 
is a large amount of fluid within these cysts. 

It is interesting to postulate for a moment. The fluid may ooze out of the cyst 
causing antigenic stimulation, or even chemotaxis. The fluid may also be the 
protective mechanism whereby the organisms are able to withstand digestive 
fluid of remarkably low pH by forming a coat about the Toxoplasma. As yet 
we do not know the nature of this fluid and have not figured a way of getting 
it out of these individual cysts in great enough amounts to analyze it. 

Feldman: You put it into distilled water? 

Remington: Yes, you can place it into distilled water. It will not break open. 

Feldman: Is there evidence that fluid goes out of the wall while it is in distilled 
water? 

Remington: I have no data on that. Both trypsin and distilled water will cause 
the organisms of some cysts to accumulate to one side as seen in Figure 117. 

Feldman: If you put it in a hypertonic solution, is there evidence of a shift 
in fluid? 

Remington: Across the cell membrane? 

Feldman: Yes. 

Remington: I have no evidence. 

Feldman: The organisms continue to move. This is evidence of fluid? 

Remington: That is right. 

Leopold: How do you know that water has not gotten in? 

Remington: Maybe it has entered the cyst. If one takes normal or buffered 
saline, or even serum, the effect will be the same. It seems from these observa- 
tions that in trypsin or water the organisms clump more tightly to one side. 
I do not know why. 

Lainson: How long did the cysts survive in water, Dr. Remington? 

Remington: For quite some time, I cannot remember the exact interval. 

Lainson: Frankly, I found the opposite. I found my cysts disintegrated very 
quickly. 

Remington: In single isolated cysts? 

Lainson: Simply cysts in a drop of triturated saline suspension of mouse 
brain, placed in many times its volume of distilled water. I did this simply to 
see whether the cyst could survive outside the host in water. 

Beverley: 1 did the same thing, washing cysts in about 0.5 cu. ml. of distilled 
water, and managed to do seven successive washings, until there was no brain 
material left in the preparation; the cyst did not rupture. I wondered if they 
acted similar to the Egyptian parasite, Schistosoma, that requires water before 
it will mature. 

Brooke: As long as Schistosoma eggs are in physiological saline, they will not 
hatch; the miracidia will emerge when the eggs are placed in tap or distilled 
water. 








850 SURVEY OF OPHTHALMOLOGY 


Beverley: | was doing this work from that point of view; they did not alter 
their shape at all and the whole process would take about a half hour. 

Remington: Dr. Lainson, perhaps I can answer your question now. Cysts 
placed in distilled water remained intact for hours. I cannot tell you the exact 
time interval because we were mainly interested in their continued infectivity 
after such exposure. Swelling of the cyst wall occurs. In some experiments, 
exposure of cysts to distilled water for as short a time as 10 minutes rendered 
them noninfective to mice, but in other instances infectivity persisted for 30 
minutes, but not longer.* 

Lainson: Maybe, it has something to do with the age of the cyst, then. 

Feldman: The integrity of the membrane. 

Hogan: Just proving that all cysts are not the same. 

Remington: But they are all cysts. 

Stim: Coming back to the involvement of the eye in general infections, I 
should like to ask the ophthalmologists some questions. We know that the blood 
volume per minute passing through the brain and myocardium, where the 
disseminated lesions are found, is very high. What is the blood supply to the 
eye? 

Secondly, is it reasonable to assume a higher resistance of the retina toward 
infection in the adult than in the young? 

Thirdly, what is the percentage of eye involvement in other infectious diseases, 
where there is generalized dissemination, for example, in the second stage of 
syphilis? This would, perhaps, give some idea of the mechanism by which the 
eye is involved. 

Fair: I have seen one case of leptospirosis, a laboratory accident, which went 
through the generalized disease and, 3 weeks later, developed a unilateral 
iridocyclitis. Of course, iridocyclitis is the most common late complication of 
leptospirosis. 

Stim: Ocular involvement is common in congenital syphilis. But how often 
do you see the eye involved in adult syphilis? 

Fair: This is well known. Iritis in secondary syphilis is well known. 

Maumenee: Turner? found 111 instances of ocular syphilis in 2413 cases 
of early secondary syphilis, an incidence of 4.5 per cent. In 3240 patients with 
late acquired syphilis, 109 patients had uveitis, an incidence of 3.1 per cent. 

Newell: | think Friedenwald’s study was more pertinent, where he indicated 
that fetuses born of syphilitic mothers had a tremendous involvement of the 
eye with the Treponema, but the Treponema is rarely found in the cornea at 
the time when interstitial keratitis develops, at 14 or 15 years after birth. 

Maumenee: But these were stillborns. The fetus was so infected that it was 
born dead. That is a much more overwhelming infection than you would have 
in later life. 

Fair: | still find a good deal of latent syphilis among the colored population in 
Georgia, and, while I seldom see acute iritis, many of the cases have a peculiar 

* Jacobs et al.: J. Parasitol., 46 (No. 1): 11, 1960. 

+ Turner: Bull. Johns Hopkins Hosp., 46: 159, 1930. 

t Turner: Am. J. Ophth., 74: 110, 1931 
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filmy white scar or membrane along the pupillary margin, and synechia forma- 
tion. This indicates to me that they have had an iritis some time or another 
during their lives. This seems particularly characteristic of syphilis. 

Siim: The fourth question is, how often do you find ophthalmoscopic changes 
without blurring of vision and so on? 

Newell: Judging from the speakers earlier today, they found an incidence of, 
roughly, 1.4 per cent of patients with chorioretinitis, who were routinely ad- 
mitted to hospitals with other diseases. 

Fair: It depends on the location of the inflammation, of course. If it is an 
old, healed scar in the periphery, it causes no disturbance in vision. If the patient 
was old enough to recognize blurred vision at the time of the inflammation he 
surely would have had some exudate in the vitreous and blurring of vision. 

Siim: Do you think there would be any point in making a routine ophthal- 
mological examination of all the patients we have seen with acquired toxo- 
plasmosis? It would be quite easy to do. 

Leopold: No, but it is a point that there may be peripheral lesions which do 
not produce symptoms. It’s something you have to take into consideration. | 
really think that these people ought to be examined, perhaps, with an indirect 
ophthalmoscope. 

Braley: Well, there is not any doubt in my mind that in brucellosis silent 
choroidal lesions are very common. You find areas of white choroiditis in the 
peripheral fundus in almost everyone who is alleged to have had brucellosis. 

Maumenee: One of the major problems in choroidal scars is to differentiate 
vascular degenerative change from inflammatory change. In active ocular 
toxoplasmosis it is different because this involves the retina. I would like to 
ask the ophthalmologists if they know of any case of toxoplasmosis of the eye 
that did not have vitreous opacities. 

Hogan: | believe this is one of the principal criteria for toxoplasmic lesions. 
Such cases always have vitreous opacities. 

Leopold: Is there not a question in your mind of how observant these people 
are of vitreous opacities? Some may have a peripheral lesion with vitreous 
opacities and not seek help, thinking that it might go away. Therefore, this 
individual would not have eye involvement detectible by history. 

Hogan: Maybe I could reverse Dr. Siim’s question, then. I do not know whether 
or not it helps, but we have had only 4 patients with positive Wassermanns or 
evidence of syphilis out of 2500 uveitis cases. 

Brooke: if we are through with Dr. Siim’s questions, I have a couple that I 
would like to ask Dr. Pinkerton. In the two infections of your chimpanzees 
did you do animal inoculation from the various tissues of the chimps? Also, 
were there serological tests performed on the sera before their death? 

Pinkerton: We did not do serological tests. Axillary lymph nodes and spleen 
from the chimpanzee killed after 29 days readily produced fatal infection in 
mice when 0.2 ml of a 10 per cent suspension was injected intraperitoneally. 
This oceurred in spite of the fact that toxoplasmas could not be recognized in 
sections of these tissues. A lymph node removed from the second animal 72 
days after inoculation, as well as lymph nodes and spleen removed at autopsy 
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on the 110th day, gave negative results in mice, even after 3 blind passages. 
Unfortunately, we did not treat mice with injection of brain tissue. 

Feldman: 1 want to ask Dr. Pinkerton a question that has bothered me for 
years. To go back to those cases of Rocky Mountain spotted fever disease that 
you reported from St. Louis in 1941, which, as far asI knoware still rather unique. 

Pinkerton: Spotted fever-like disease, or, more accurately ‘‘a disease simulating 
the typhus-spotted fever group.” 

Feldman: As far as I know, they are still the only two with those particular 
skin lesions. Now, as I recall it, each of those patients had a history of tick bite; 
each was bitten at the time of the year when spotted fever might have occurred 
in the area. I wonder whether you have reviewed those skin lesions to determine 
whether or not they really had rickettsial disease. I know they had Toxoplasma 
in the lungs. 

Pinkerton: The resemblance to the typhus-spotted fever group was based on 
the maculopapular rash, the clinical evidence of cerebral involvement, the glial 
nodes of microscopic size in the brain, the myocarditis, and the interstitial 
pneumonitis. The rash never reached the hemorrhagic stage, but this is true with 
many cases of spotted fever and typhus, and the rash never involved the palms 
and soles, as it characteristically does in spotted fever. The first case of adult 
toxoplasmosis, which I autopsied in Lima, Peru, in 1937, and reported with 
Weinman* in 1940, had similar glial nodes in the brain, myocarditis, papular 
cutaneous lesions, and a similar, though milder, interstitial pneumonitis. Toxo- 
plasmas were clearly demonstrated in the cutaneous lesions in this case. 

In the St. Louis cases, a skin biopsy from case 1, taken on the day preceding 
death, was carefully studied for rickettsiae, with negative results. Postmortem, 
toxoplasmas were present in the spleen, lungs and heart (brain not examined). 
In case 2, the skin was not studied, but the brain was stained by the giemsa 
method for rickettsiae, again with negative results. (In spotted fever, it is almost 
always easy to find rickettsiae in the brain). Toxoplasmas were found in the 
small focal lesions in the brain; also in the lesions in the heart, liver, spleen, and 
lung. Two male guinea pigs, inoculated with antemortem blood, died from 
generalized toxoplasmosis on the 11th and 13th days. The scrotal reaction charac- 
teristic of spotted fever did not occur in either animal, or in subsequent serial 
transfers to other guinea pigs. Additionally, 7 of 10 mice treated by injection 
intracranially with liver and brain emulsions obtained postmortem died of 
typical toxoplasmosis after 5 to 10 days. The diagnosis of disseminated toxo- 
plasmosis was particularly well documented in this case, and concomitant 
spotted fever can, I think, be ruled out. 

To return to your question regarding the unique nature of these skin lesions, 
Sexton, Eyles, and Dillman? in 1953 reported a proved case of acute fatal adult 
toxoplasmosis in which there was a maculopapular eruption with the same dis- 
tribution which I described, and refer to the case reported by Kassf in 1952, 
in which a red blotchy skin eruption lasted 11 days, and to a “probable” case in 

*H. Pinkerton and D. Weinman: Toxoplasma infection in man. Arch. Path., 30: 374, 1940. 
t Sexton, Eyles, and Dillman, Am. J. Med., 14: 366-377, 1953. 

t Kass et al., A. M. A. Arch. Int. Med., 89: 759, 1952. 
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which Magnusson* reported a maculopapular eruption. Finally, there was 
macular eruption in the case which Hemsath and If reported in 1956. Leaving 
out the doubtful cases, then, up to 1956, out of 7 reasonably well documented 
cases of acute severe disseminated adult toxoplasmosis, we have 4 with 
maculopapular eruption, 1 with a macular eruption, 1 ‘red and blotchy,” 
and 1 (a Negro) in which no statement is made. I do not know how commonly 
a rash is seen in the more benign lymphomatous type of the disease. 

Leopold: Maybe Dr. Zimmerman covered this in his talk, but what is the 
reason for that tremendous reaction around the lesions in the retina? 

Zimmerman: | have always thought that this configuration must mean some- 
thing. Possibly, since (1) we find the organisms in the necrotic retina, and (2) 
this zonal reaction centers around that part of the retina so precisely, and (3) 
the inflammatory cells are always farthest out to the periphery, and (4) there 
is this intervening zone of coagulative necrosis, possibly some necrotizing sub- 
stance diffuses out from the infected retina. Possibly antigen spreads from the 
organisms and from the cysts in the retina out towards the choroid and sclera 
and episclera, and that in these areas, where we see the inflammatory reaction, 
there are antibody-producing cells. Possibly antibody diffuses towards the 
infected retina and we have a sort of agar diffusion set up. Could this band of 
coagulative necrosis in-between be the area of antigen-antibody interaction, 
with death of tissue on that mechanism? 

Leopold: Would this happen with the first contact, or has the eye been sen- 
sitized previously? 

Zimmerman: Let us say that if you start witha normal eye and the organisms 
lodge in the retina and proliferate there, perhaps, through mechanisms that Dr. 
Hogan postulated, antigen is released from the organisms. Antigen then diffuses 
out into the adjacent areas, stimulates the cells in that area to proliferate and 
to form antibody. Then the antibody diffuses back towards the retina, and in 
the intervening zone, antigen-antibody interaction takes place. 

Maumence: Inthe slides that were presented by Dr. Pinkerton and Dr. Frenkel, 
most of the specimens from the brain and eye had very little necrosis around the 
organisms. Is that a common finding or does this just happen to be the material 
you selected for presentation? 

Pinkerton: That, I think, is common in the adult cases. In the perinatal cases, 
I think, one may find small necrotic foci. I have seen this in the more severe 
myocarditis. My original feeling was that in the adult cases, the brain was 
relatively spared and only produced these minute typhus-spotted fever-like 
lesions, but in the perinatal type, the brain was markedly involved. 

Of course, I have had to modify that, because we have seen cases in adults in 
which the brain was massively involved and necrotic. In the case which I pre- 
sented briefly, that had the atypical blood dyscrasia, there were small foci of 
degeneration of liver cells with neutrophils around them, but they were mi- 
croscopic in size, and toxoplasmas were present in the foci. There were entirely 
similar foci, with the same degeneration of liver cells and the same neutrophils, 
* Gard, Magnusson, and Hagberg, Acta pediat., 47: 15-31, 1952. 
+ Hemsath and Pinkerton, Am. J. Clin. Path., 26: 36-41, 1956. 
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in the center of which one would find the salivary gland virus inclusions. The 
adrenals were interesting, and it might interest Dr. Frenkel, who might try to 
explain it. The adrenals were necrotic, and involved solely by the salivary 
gland virus. I looked for hours, trying to find a single Toxoplasma collection in 
the adrenals, and could not, so the adrenal is not always an organ with low 
resistance. 

There is one point that I would like to get clarified. My understanding was 
that Mrs. Foerster felt that many of these cases of ocular involvement followed 
trauma, which, of course, might result in flaring-up of dormant infection. I 
do not know; I cannot believe in the mechanical rupture of the cyst. But trauma 
brings histamine, at least, and perhaps hyaluronidase and other chemicals 
which might conceivably break down the cyst walls. Has this been borne out ? 
Are many cases secondary to trauma? 

Zimmerman: Well, it is true that a significant proportion of her original series 
had a history of prior trauma, but this problem of trauma in relation to cancer 
and all sorts of other diseases is always cropping up, and whether this merely 
draws the attention of the patient and the physician to some trouble in the eye 
or what, I do not know. 

Fair: I thought it was more clear-cut than that, Dr. Zimmerman. Were there 
not some perforating wounds or severe contusions, or was it all a matter of 
history of injury? Everybody has a history of an eye injury. 

Zimmerman: There were some perforating injuries, yes, but the majority were 
contusions. 

Fair: But they were real injuries and not just a matter of a minor affair in a 
history, were they not? 

Pinkerton: Do I understand, Dr. Zimmerman, that definite trauma has oc- 
curred less frequently in later cases? 

Zimmerman: The total number of proved cases is too small to generalize from. 
The clinical observations would be much more important. 

Hogan: Trauma has not much to do with it. 

Frenkel: I wanted to comment on your question, Dr. Maumenee, regarding 
the necrosis. This is the point that I was trying to make earlier, but probably 
not very successfully—the fact that in acute infections one sees cell necrosis, 
death of individual infected cells, whereas in chronic infections one finds necrosis 
of tissue in larger areas, and this is part of the argument for hypersensitivity 
operating during the chronic infection. In tissue culture, as has been shown by 
Dr. Hogan today and by others, only the infected cells get lysed. The cells next to 
them do not lyse, and do not show ‘“‘toxic”’ effects similar to what is seen in acute 
infections of animals. This is quite different from chronic infections, where even 
“innocent bystanders,” 50u distant, can get killed. 

Maumenee: These innocent bystanders can be in all tissues in the body or just 
in the brain and eye? 

Frenkel: Well, one finds persistent organisms in the brain and the eye mainly, 
but also in the myocardium, the skeletal muscle, and elsewhere. I think these 
are the main regions where one sees them. I would think that if one injected 
Toxoplasma intradermally into a sensitive, infected individual, one would get 
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the same thing. However, the functionally important retina would yield clinically 
important lesions more frequently than other organs where lesions resulting 
from individual cyst rupture would generally be of trivial importance. 

I mentioned in my paper the history of the man with the Sarcocystis infection, 
who, every now and then, gets swellings of muscles, eosinophilia, fever, and signs 
of asthma. By biopsy he was shown to have an infection with Sarcocystis, 
another cyst-forming protozoan. These cysts are usually much larger than 
Toxoplasma cysts, and I think the amount of antigen released is probably greater, 
and hypersensitivity may be greater, too. 

Halbert: It might be possible to gain some information about whether this is 
really a hypersensitive reaction that is extending over some distance by ex- 
amining that area for the presence of high concentrations of a-globulin, and 
examining the same area with fluorescent antibodies against the Toxoplasma 
antigens, to see if there is an overlap and if this correlates with the extent of the 
damage. 

Frenkel: There are two types of hypersensitivity. One of them results from 
antibody-antigen reaction, the Arthus phenomenon. There, one could expect to 
find bound antibody. But with the other type, due to the tuberculin or delayed 
type of hypersensitivity, I do not know. I doubt that one would find it. Hence 
one cannot require antibody to be present, it seems to me, for hypersensitivity 
to be diagnosed. 

I believe that hypersensitivity should be taken as a phenomenon as such. 
We do not know yet what causes it. By cell transfer it can be shown to be present 
without demonstrable antibody. And so, with the fluorescent antibody technique, 
one would only show that related to the Arthus type, that is immediate hyper- 
sensitivity. 

Maumenee: Do you think that the coagulative necrosis is due to the cellular 
type of hypersensitivity and not the serum type of hypersensitivity? 

Frenkel: I rather think so. The only evidence of real serum type of altered 
reaction, I think, is the vasculitis in the babies’ brains. 

Maumenee: Has it been shown that epithelial cells in neural tissue can par- 
ticipate in the cellular type of hypersensitivity? 

Frenkel: What do you mean by epithelial cells in neural tissue? 

Maumenee: Well, neuroectodermal cells. I know that the stromal cells can, 
and the mononuclear cells can, but has it been demonstrated that epithelial 
cells can participate in this? 

Zimmerman: Pigment epithelium does. 

Maumenee: You mean, in sympathetic ophthalmia? 

Zimmerman: No. Dr. Dukes and his group at Baylor University have shown 
that the pigment epithelium does participate in immediate and delayed hyper- 
sensitivity reaction studied in tissue culture systems. 

Remington: I should like to ask the ophthalmologists whether Toxoplasma 
choroiditis, either in the experimental animal or in the human, takes place very 
suddenly? When you examine the fundus, do you see the completed lesion or is 
it a slow progressive involvement? The answer to this may help to define whether 
the reaction is a delayed or immediate Arthus type. 
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Frenkel: There has been an intrathecal tuberculin reaction described by 

“withinbank, Smith, and Vollum* which has different dynamics from the intra- 

‘ion, at least in the meninges and the adjacent vessels. I am not 

sure Wa... .: usw uweuroectoderm as such can be proved to participate in that. 
The iso-allergic encephalitis of mammals may be an example though. t 


EXPERIMENTS ON THE TRANSMISSION OF 
TOXOPLASMOSISt 


Jack S. Remineton§$ 
Harvard Medical School, Boston, Massachusetts 


It seems appropriate here to discuss the possible mechanisms whereby the 
parasite might be transmitted in cases of both the congenital and acquired forms 
of toxoplasmosis. Two different lines of investigation were carried out with Dr. 
Leon Jacobs and Miss Marjorie Melton at the National Institutes of Health— 
one designed to study the possible role of edible market meats in the transmission 
of the disease and the other to explore in animals the possibility of transmission 
of toxoplasmosis from chronically infected mothers to their offspring. 


EXPERIMENTS ON INGESTION AS A POSSIBLE ROUTE OF TRANSMISSION 


Studies have been reported which contrast the results of feeding tissues from 
chronically infected mice or rats to other mice with results of similar feedings of 
tissues from acutely ill animals.'* Since the former was much more successful 
than the latter, the workers hypothesized that the cyst form of the parasite, 
found in chronic infections, was better able to withstand the digestive process. 
To test this hypothesis, tissues obtained from acute and chronically infected 
animals were treated with digestive fluid and the material then tested for in- 
fectivity.* Data in Table 10 show that digestion of acutely infected tissue, 
(liver, spleen and lung obtained from mice inoculated 4 days earlier with the 
RH strain), for 1 hour resulted in complete loss of infectivity. In contrast, the 
data in Table 11 show that the cyst has a much greater ability to survive diges- 
tion by pepsin than does the proliferative form. Brain suspensions were sometimes 
infective after as long as 3 hours in the digestive fluid. 


* Swithinbank, Smith, and Vollum: J. Path. & Bact., 65 (2) : 565-596, 1953. 
+ R. A. Good: J. Neuropath & Exper. Neurol., 9 (1): 78-92, 1950. 


t Work performed at the Laboratory of Parasitic Diseases, National Institute of Allergy 


and Infectious Diseases, National Institutes of Health, Bethesda, Maryland. 

§ Postgraduate Research Fellow, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda, Maryland; Research Fellow in Medicine, Harvard 
Medical School and Thorndike Memorial Laboratory; formerly Research Associate, 
National Institute of Allergy and Infectious Diseases, National Institutes of Health, 
Bethesda, Maryland. 
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TABLE 10 
The effect on proliferative Toxoplasma of digestion with pepsin-HCl solution 





Volume of Digestive Fluid Relative No. of Mice Dead/No. 








to Tissue Time of Digestion Pesci ert Avg. Survival Days* 
hr. 
1:10 (saline control) | 0 3/3 5 
1:10 | 1,2,3,and4 | 0/20 sie 
1:100 (saline control) 0 4/4 4 
1:100 | 1, 2, and3 | 0/6 — 





* Computed from the days of death of mice succumbing to toxoplasmosis. 


In order to learn to what portion of the cyst this resistance could be attributed, 
and also to be certain that the cyst forms were not merely protected by brain 
tissue, the microisolation technique was used in further studies. Microscopically, 
the cyst wall was seen to be destroyed immediately on contact with the pepsin- 
HC! solution. The viability of parasites released from cysts digested in pepsin- 
HCl is shown in Table 12. The parasites liberated from cysts were all infective 
to mice after 2 hours in peptic digestive fluid but not after 3 hours. Peptone 
obviously had no protective effect on the liberated toxoplasmas. 

Tests similar in desigu to those on pepsin were performed on parasites liberated 
by trypsin from cysts of the Beverley strain.‘ Microscopic observation revealed 
that the wall of cysts exposed to 1 per cent trypsin was immediately digested. 
Infectivity of the liberated parasites was demonstrated for up to 6 hours of 
digestion, the longest period tested. Proliferative parasites of the RH strain, 
similarly treated, survived in the trypsin solution for at least 3 hours but all 
were destroyed at 6 hours. 

The main gap in the evidence that meat may serve as a source of human 
Toxoplasma infection is the lack of information on the occurrence of cysts of 
Toxoplasma in the edible flesh of meat animals. On the basis of the studies on 
the resistance of cysts of Toxoplasma to digestive juices: > and on the distribution 
of the parasites in the muscle of rats with chronic infections® a survey procedure 
was developed for demonstrating Toxoplasma in meat samples using the pepsin- 
HC! solution. Table 13 presents the results of examinations of 50 swine, 60 
cattle, and 86 sheep; 24 per cent of swine, 1.7 per cent of cattle, and 9.3 per cent 
of sheep were demonstrated to have Toxoplasma infection.’ 

It is obvious from these results that encysted parasites ingested with infected 
flesh could survive a normal period of digestion in the stomach. Furthermore, 
once they passed into the duodenum, they would have little difficulty in sur- 
viving even longer periods. How these data relate to the epidemiology of human 
and animal toxoplasmosis is not clear. Obviously carnivores may acquire toxo- 
plasmosis from the ingestion of infected tissue, and humans who eat raw meat 
could be similarly infected. However, even strict vegetarians such as Hindus 
show serological evidence of experience with toxoplasmosis® and the prevalence 
rates in various countries do not seem to be particularly related to the dietary 
habits in regard to meat.? Though our data furnish additional support for the 
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TABLE 11 


Results of tests of infectivity of brain suspensions from chronically infected animals after 
peptic digestion 





Test | 
No. 


to 


or 
































pomsncl | amish. | iemch [Sofia | ve. survival Dav 
hr. 
Rat RH 0 10/10 7.2 
| 1:10 susp. in 1 | 10/10 7.6 
| dig. fluid 2 10/10 8.0 
3 | 10/10 | 11.6 
4 0/10 | ion 
Rat RH 0 | 4/4 8.3 
| 1:10 susp. in 2 5/5 9.2 
| dig. fluid 0 3/3 6.3 
| 2 | 3/3 9 
Rat RH 0 10/10 8.9 
1:10 susp. in | 1 | 10/10 11.1 
dig. fluid | 2 5/10 10.4 
} 3 0/10 — 
4 0/10 _ 
Rat RH 0 4/9 9.8 
1:100 susp. 1 8/10 10.5 
in dig. 2 0/10 | one 
fluid 3 0/10 _— 
4 0/10 | — 
Rat RH | 0 9/10 8.4 
| 1:100 susp. | 1 5/5 | 7.4 
| in dig. 2 0/5 _ 
| fluid 3 | 0/5 | 
| 4 0/5 | ~ 
| No. Mice Pos./No. | 
| Inoculated | 
Mouse | Beverley 0 2/2 | No deaths; in- 
| 1:100 susp. 1 2/2 fection deter- 
| in dig. 2,3 0/4 mined by dye . 
fluid 4 1/2 test and/or 3 
presence of , 
| cysts 
| ] 
| 0 2/2 ( 
1 2/2 
| 2 1/2 
4 0/2 
| 
| 0 | 2/2 | 
| 








| 1, 2, 3, 4 br. | 4/8 (1 of 2 mice | 


per group) 
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TABLE 12 
Viability of suspensions of Toxoplasma from digested cysts as determined by inoculation of 
mice 
Time of Digestion | Buptene ip ipntios pH of Digestive Fluid Bogie of Deasies 
hr. | % 
1 0 1.5 + 
1 | + 
2 1.9 + 
- | 0 a. fe 
| 1 1 Be + 
2 1.9 + 
3 1.5 - 
1 1.7 - 
2 1.9 _ 
TABLE 13 


Results of studies on mice inoculated with digests of muscle from swine, cattle, and sheep 





Groups* of Mice Found Positive 





Animal | No. of Specimens Total 


Demonstration 


Dye Test of Parasites 








| 

4t | 8 12 
| 
| 


Swine Serer we 50 
Cattle Sa éaeancenil 60 | 1t 0 1 
MS aco vadu veces ond | 86 | 8 4§ 


| 





* Ten mice (= 1 group) were inoculated from the digest of each specimen. 

T Isolation was not attempted. 

t One pool of serum from 2 mice gave a titer of 1:16. Two other pools, from 2 mice each, 
were negative serologically. No isolation was attempted from the remaining 4 mice. 

§ Of the 8 groups of mice positive serologically, 6 were subinoculated into fresh mice, 
and in 4 of these groups toxoplasmas were demonstrated. The titers of the 2 groups negative 
on isolation were 1:16 (pools of serum from 2 mice each); the titers of the 4 groups positive 
on isolation 2343 1:1024 or higher. 


meat-to-man hypothesis of transmission, the importance of this avenue in the 
epidemiology of human toxoplasmosis requires further evaluation. 


STUDIES ON CONGENITAL TRANSMISSION 


Information on human cases of neonatal toxoplasmosis has established with- 
out question that Toxoplasma crosses the placenta and invades the fetus in 
utero. Since there seems to be a high prevalence of infection but much less overt 
disease due to Toxoplasma it has generally been stated that the mothers of 
congenital cases acquired an asymptomatic infection during pregnancy. Because 
of the parasitemia and generalized tissue invasion during the acute stage, there 
is good reason to assume that the organism invades the fetus at this stage in 
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TABLE 14 


the mothers infection. The bulk of the evidence has been the demonstration of 
high serological test titers, there being only a few well established cases in which 
systemic infection in the mother was diagnosed by the isolation of parasites 
from biopsied tissues, either before or after the birth of the affected child: ™ 
Although the follow-up studies of Eichenwald,”:™ Siim,’ and Feldman and 
Miller'* show that mothers of children with toxoplasmosis have subsequently 
borne normal offspring, this does not definitively establish the circumstances of 
congenital transmission as acute infection in the mother in all cases. High anti- 
body titer which is used as the diagnostic criterion of infection in the mother 
may persist for several years,'*: 15. 1®- 17 and the possibility of antibody recall 


Occurrence of congenital transmission of toxoplasmosis in chronically infected rats 





Rat Strain 


Sprague- | 
Dawley 


S. D. 


8. D. 


ie) 
+ 
” 


Osborne- 
Mendel 
Black Rat 


Holtzman 





Rat 


| 


ing 





~I 


11 


12 





|Mothers| Strain of | 
| Deliver- 


Toxo- 


plasma 


RH 


RH 


8-6 


8-6 


Bev- 


erley 


RH 


RH 


RH 


RH 


} 





| 


Size of Inoculum I. P. 


1 X 10° 
1 X 108 


1 X 103 


1 X 108 
1 X 108 


1 X 10 


mouse 
containing 
numerous 
Toxoplasma 
cysts 

1 X 10’ 


1 X 10’ 


1 X 10? 


brain | 


|  Delivered* 


4(1), 5(6) 


2(5), 
| 4(1) 


2 
| 


| 2(3), 3(2) 


2 


1:10 dilution of | 2(3), 3(2), 
4(2), 5(2), | 


6(2), 8(1) 


3 
| 3(4), 4(1) 


| 4(4), 6(1) 


Months after 
Infection that 


Total Offspringt 


(6, 5, 2, 4, 9, 2) 


41 


(13) 
30 


| (8, 10, 4, 7, 1) 
3(5), | 


91 


(12, 10, 8, 10, 


11, 6, 7, 6, 8, | 


8, 5) 
41 


(11,9, 11, 1,9) 


42 


(8, 7,7,9, 11) 


5l 


(11, 10, 9, 11, 


4, 


10) 
69 


10, 4, 5, 6, 3, | 


8, 4, 10, 6, 3, 
6 


44 


(8, 6, 12, 8, 10) 


34 


(4,7,9,4, 10) 


38 


(10, 5, 9, 6, 8) 


Total 
Positive 
Offspringt 


0 





3 
(1/10(2); 
1/8(4); 
1/6(8) 





indicated. 


+ Figures in parenthesis 


number of offspring in each litter. 
t Fractions represent number positive offspring per total number offspring in litter. 
Number in parenthesis is the month after infection that the mother delivered. 


* Figures in parenthesis = number of mothers that delivered after the number of months 
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cannot be overlooked. Because of these considerations and of the wide spectrum 
of disease found in neonatal cases of toxoplasmosis,!*: 1* which may be related 
to the circumstances of congenital transmission, we have pursued studies on 
this problem in chronically infected pregnant animals. We have been interested 
in the relation of congenital transmission to parasitemia, residual uterine in- 
fection, antibody levels and immune response, and placental involvement. 
Data on the occurrence of congenital transmission from mother rats chronically 
infected with the RH strain are presented in Table 14. In no case was con- 
genital transmission observed in this series, although one instance had occurred 
in our previous tests.” The behavior of the RH strain was also tested in other 


TABLE 15 
Occurrence of congenital transmission in mice with chronic Toxoplasma infections 





} | Months | | 
Strain of |Mothers after —s : . | Positive Litters 
Toxo- |Deliver-| Infection eee) 5 | (Positive Offspring/ | Remarks 
plasma ing that Offspring in Litter) 


Delivered 








| 








113-CE 10 | 2 48 | 3 | The 2 positive in 
(1, 2, 5, 7, 3, 5, 5,9, | (1/5;2/7;2/5) | litter of 7 were 
| | , 6) | born dead 
113-CE | 6| 3 | 33 1 | 
| (8,5, 2,7, 7, 4) | (1/5) 
113-CE | 6 4 31 1 Positive litter is 
| (5, 7, 3, 6, 5, 5) | (2/6) 2nd litter of that 
| mother. First 
litter was nega- 
| tive 
113-CE eiF | 19 0 
| (11, 8) | | 
113-CE | 6] 8 | 58 0 
| (5, 12, 14, 12, 6, 9) 
113-CE 21; 9 | 16 0 
| | (10, 6) 
113-CE sis | 10 0 
| | (8, 2) 
Beverley 2 | 2 10 1 
| | | (7, 3) (1/3) 
Beverley | 4 | 3 | 21 0 
| | (9, 4, 4, 4) 
Beverley | 7 4 | 34 4 
| | (3, 5, 8, 7, 4, 2, 5) (1/8; 3/7; 1/4; | 
| | 1/3) 
Beverley 4 5 39 2 
| | (15, 6, 13, 5) (1/6; 2/5) | 
Beverley | 2/ 9 11 2 | These 2 mothers 
| (6, 5) | (6/6; 5/5) | delivered positive 
litters at 4 months 
M7727 | 2 4 | 8 | 2 | 


(4, 4) | (1/4; 2/4) 














862 SURVEY OF OPHTHALMOLOGY 


strains of rats. Here again no congenital transmission was observed. In additional 
studies, the porcine strain S-6,7 and the Beverley strain were employed. No 
congenital transmission occurred with the 8-6 strain, but 3 positive offspring 
were found, one in each of 3 litters, from Beverley-infected rats. 

A series of 11 guinea pigs experimentally infected 5 to 11 months previously 
with RH or Beverley parasites delivered a total of 41 young. All of these young 
were negative for the presence of toxoplasmosis. 

In contrast to the results with rats and guinea pigs, those obtained with mice 
infected with a variety of strains of Toxoplasma showed a more frequent occur- 
rence of congenital transmission during the chronic stage of infection. Table 15 
summarizes these results. Of 34 litters of mice borne by mothers chronically 
infected with strain 113-CE, 5 contained a total of 8 positive young. A much 
higher incidence of congenital toxoplasmosis was found among the progeny of 
mice with chronic Beverley infection. Of a total of 19 litters, 9 contained some 
positive young. The 2 mice in this group that delivered at 9 months after in- 
fection had previously delivered positive litters at 4 months after infection. 
The dye test of these mothers was over 1:1024 at 9 months after infection, and 
they had shown parasitemia during the eighth month after infection. In one 
instance, with the 113-CE strain, congenital transmission of toxoplasmosis was 
observed through 3 generations of mice. This finding supplements that recently 
reported by Beverley”! with his strain in mice and Wildfuhr’s work with rats.” 

In a few cases the fetuses and placentas were removed from the uterus at 
term (Table 16). It is noteworthy that in 3 instances fetuses were infected while 
the parasite could not be demonstrated in their placentas. 

In relation to the immunity of mice with chronic Beverley strain infection, the 
ability of these animals to suppress proliferation of Toxoplasma was tested by 
challenging them with a highly virulent strain. When mice infected with Beverley 
strain for 3 months were challenged with 1000 parasites of the RH strain, there 
were no deaths. When they were challenged subcutaneously with a massive 
inoculum of RH parasites, a 1:10 dilution of the peritoneal exudate containing 
at least 10 million organisms, there were only 14 deaths among 58 given the 
challenge. The deaths occurred on days 11 to 21 after challenge, with an average 
survival time of 13 days, as compared to death in 5 to 7 days for all 10 normal 
control mice given the same challenge. 


TABLE 16 
Occurrence of fetal and placental infection in mice with chronic Beverley strain infections 


| 





No. with Both Fetus and 








| 
a . No. of Youngin | No. of Young No. of Placentas + weode: 4 
Designation of Mother | Litter Positive Alone Positive Alone | ved ~~ “pee 
| | J 
| | | 
5569 | 9 | 2 2 0 
5570 | 8 | 0 1 1 
5597 | 3 0 0 
5505 5 | 1 2 1 
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TABLE 17 
Occurrence of congenital transmission following challenge of immune pregnant mice 
Challenge Inoculum Day after Mothers Dalivesine (OGensins ta Positive Offspring 
a, Ste) Gesitive Ofseringy 
1000}RH 1 2 1 
| (1,2) (1/1) 
1000 RH 2 1 0 
(3) 
1000 RH 4 2 0 
(7,4) 
1000 RH 6 1 0 
(2) 
1:10 dilution of RH 2 1 1 
peritoneal fluid | (5) (2/5) 
1:10 dilution of RH | 3 3 1 
peritoneal fluid (7,6,6) (1/7) 
1:10 dilution of RH 4 4 1 
peritoneal fluid | (3,6,5,9) (2/6) 
1:10 dilution of RH | 5 10 4 
peritoneal fluid | (2,5,2,2,3,4,3,3,4,5) (1/4,1/2,1/2) 
1:10 dilution of RH | 6 2 0 
peritoneal fluid (2,7) 
1:10 dilution of RH | 7 2 0 
peritoneal fluid (3,4) 
1:10 dilution of RH 9 2 1 
peritoneal fluid | (10,10) (1/10) 
1:10 dilution of RH | 11 1 0 
peritoneal fluid (5) 
1:10 dilution of RH 18 1 0 
peritoneal fluid | (1) 











Despite this high level of immunity, a number of mice that survived the 
challenge shortly afterwards bore litters that contained offspring infected with 
the Beverley strain (Table 17). It was possible definitely to identify the con- 
genitally transmitted parasites as Beverley strain, because all the mice inocu- 
lated with the tissues of these young survived and those that were positive 
showed numerous cysts in the brain. The RH strain usually kills mice and its 
cysts are much less frequently seen in survivors. 

Persistence of infection in the uterus was found in a significant percentage of 
rats with chronic RH infections,” and of mice chronically infected with the 
Beverley strain. These findings led us to examine human uteri for residual 
infection using the method of digestion of tissue in artificial gastric juice." 
Toxoplasma was isolated from the uteri of 3 females out of a total of 23 women 
tested after their serum was shown to give a positive dye test.%* Thus, there is 
no question that cysts may persist in the uterine tissue, because proliferative 
parasites would not have survived the digestion.‘ 

In a separate series of experiments, animals were tested for the presence of 
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TABLE 18 
Spontaneous parasitemias in animals late after infection with various parasite strains 
| 
} , - No. of Animals 
Animal Strain of Toxoplasma Origin lettin pment ae | Dye Test Results 
| mo 
Mice | Beverley 5 1/11 
| 7 1/3 | 
| 8 2/4 | >1:1024 
| S-1 6 0/2 | 
| 8 2/2 
Guinea pigs | Beverley 7 | 2/3 
Rabbits | Beverley 4 2/3 | >1:16,000 
| | 6 3/3 | >1:16,000 
Rats Beverley 9 0/6 
| 83 2 0/8 | >1:4096 
S-5 | 3.5 0/3 | >1:4096 
| 86 5 0/3 | >1:4096 
8-7 ll 0/4 |  >1:4096 
A-l | 0/3 | 
CH | 5 0/3 








parasitemia at varying intervals after infection with different strains of Toxo- 
plasma.”® The results are shown in Table 18. It is significant that despite the 
high antibody levels demonstrated in chronically infected animals, parasitemias 
were nevertheless demonstrable. 

DISCUSSION 

Fifty per cent of mice with chronic Beverley strain infection showed para- 
sitemias.”° A similar percentage of such mice, 9 out of 19, or 47.3 per cent pro- 
duced Toxoplasma infected offspring.** Mice chronically infected with strain 
113-CE and rats with chronic Beverley infection produced much fewer infected 
fetuses, and such animals did not have demonstrable parasitemias. These obser- 
vations suggest a relation between parasitemia and congenital transmission, 
but they do not definitely establish it. 

In view of the high antibody levels which exist in chronically infected animals, 
and their resistance to challenge, it is possible that the parasitemia represents 
the presence of infected leukocytes rather than free organisms within the circu- 
lating blood. The mechanism by which the parasite traverses the placenta may 
be the wandering of an infected white cell through the syncytial trophoblast 
into the fetal circulation. (This view would be supported by our finding infected 
fetuses without their corresponding placentas being involved.) Alternatively, 
the rupture of a parasitized white cell near the placenta may allow some of the 
liberated organisms to make their way across the membranes before being 
affected by antibody. Since cysts have been found in the uteri of rats,” mice,” 
and human beings,” this location may be important in relation to congenital 
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transmission during chronicity. It is possible that cysts may rupture spon- 
taneously or because of the distortion and stretching of the uterine tissues during 
pregnancy, and the organisms thus liberated close to the placenta may be able 
to invade it directly; or the parasites could be picked up by leukocytes and 
carried across the placenta. 

There is no information on the extent of proliferation of the parasites in the 
fetuses that were found infected. Little is known about the time at which transfer 
of specific antibodies takes place during fetal life,?° and also about the effectiveness 
of such passively transferred antibodies in inhibiting proliferation of parasites. 

What relation these data have to human infection is still a matter for investi- 
gation. Since dye test titers can remain elevated for long periods of time, and 
also show fluctuations,'*: ”»*? the presence of high titers in the mother of a 
human congenital case cannot in itself be accepted as conclusive proof that the 
mother acquired the infection during pregnancy. In any event, the experimental 
results presented here do not invalidate the clinical data which indicate the 
favorable prognosis for subsequent children of the mother of a toxoplasmic 
child. 

One important aspect of the phenomenon of recurrent parasitemias is that it 
furnishes a possible explanation for the appearance of toxoplasmic uveitis with- 
out any evidence of concurrent systemic infection. Uveitis frequently develops 
in individuals with relatively low and stable antibody levels. If spontaneous 
parasitemias can occur in the chronic infection in human beings, wandering 
cells containing toxoplasmas could arrive in the eye, and there the parasites 
could be liberated into tissues with very low antibody levels, thus allowing 
invasion of susceptible cells. If sufficient sensitization of the ocular tissues were 
present, the liberated antigen could set off an inflammatory reaction without 
necessitating the invasion of cells. 

In conclusion, it is believed that the above results represent the first definitive 
demonstration of Toxoplasma cysts in the flesh of meat animals. They lend 
considerable support to the hypothesis that man can acquire the infection by 
consuming undercooked meat. 

The occurrence of congenital transmission of toxoplasmosis was studied in 
mice, guinea pigs, and rats with chronic infections produced by various strains 
of Toxoplasma gondii. There appears to be a relation between the occurrence of 
parasitemia and of congenital transmission, but residual infection in the uterus 
may also account for infection of the fetus. Further study of the circumstances of 
congenital transmission in human beings is needed to discover whether or not 
its occurrence during chronicity can definitely be ruled out. The histories of 
mothers of human cases of neonatal toxoplasmosis support the idea that the 
prognosis for subsequent children is good. 
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Hogan: How can you be certain that the offspring were infected with the 
Beverley strain rather than RH? 

Remington: We can prepare a suspension of RH Toxoplasma organisms from 
peritoneal exudate and dilute this suspension down to approximately one or- 
ganism per milliliter. This inoculum will kill a normal mouse. Mice rarely, if 
ever, live for more than a week to 10 days after a usual inoculum of the RH 
strain. From the thousands of mice we have inoculated with a 1:100 dilution of 
3-day peritoneal exudate (RH strain) we have never had a survival. However, 
the much less virulent Beverley strain produces many cysts in the brain of mice 
and in low doses rarely kills the host. These mice survived and had cysts in 
their brains. I think that those who work with these two strains would agree 
that if the offspring had been infected with the RH strain, the tissues of these 
babies would have killed a mouse and certainly would not have resulted in 
multiple cysts in the recipients brain. 

Beverley: There are one or two little points I would like to mention, perhaps, 
in supplementation of what Dr. Remington has said. We have found that the 
chronically infected animals will have congenitally infected offspring in more 
than one litter after the original infection, even though there is no reinfection. 
We have found that as many as four litters from the same mouse have been 
infected. 

Another point that I think worthy of mention is that congenitally infected 
mice themselves can have congenitally infected offspring, and so far we have 
observed such transmission to the eighth generation. 

If any of you are planning to check on this work, I would like to point out 
that the percentage of chronically infected offspring will vary according to the 
strain of mice which are used. We have found it highest with a Swiss strain 
mouse, where on the whole nearly half of the offspring of chronically infected 
mothers are infected; at least one member of each litter is infected, sometimes 
all of them. 

Going on to a more resistant strain of mouse, the Wistar strain, there, we 
find only about 10 per cent of the offspring infected. In a still more resistant 
strain of mouse, which we call Astrex, there are only 1 or 2 per cent positive. 

Remington: Have you examined these animals for parasitemia? 

Beverley: Yes, we have, but only in relation to pregnancy and lactation. The 
only time we found it was at the very end of pregnancy; not at 15 days, not at 
17 days, but it has been present at 19 and 21 days of pregnancy. 

Remington: What strain of organisms? 

Beverley: We call ours Rabbit A. 

Remington: We have found parasitemias with mutton strains and with the 
113-CE strain. Interestingly, rats infected with 113-CE did not give birth to 
congenitally infected offspring. Rats infected with the Beverley strain did 
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transmit the disease to their progeny, but only rarely. These rats did not have 
parasitemia. This suggests, but does not establish as fact, that parasitemias 
have some significance in congenital transmission from chronically infected 
mother animals. 

Siim: What were the antibody titers in your experiments in which there was a 
repeated pregnancy? 

Beverley: Those which were deliberately infected or those which were con- 
genitally infected? 

Siim: Congenitally infected. 

Beverley: Among the congenitally infected, the order is less than 1 in 100 at 
the time we test them, which is when they have matured and have had a litter; 
so they will be approximately 15 weeks old. This antibody titer of less than 1 
in 100, contrasts with an antibody titer of several hundreds or in the 
low thousands in a mouse injected with the same strain of organism. 

Siim: Do you see any recurrence in antibody titers after each pregnancy? 

Beverley: No, we did not follow them sufficiently. 

Feldman: How far are you willing to carry these mouse data over to the human? 

Remington: I think that this question must be answered very clearly here. I 
am not willing to carry these results directly to humans; extrapolation of animal 
data to human beings is always a difficult matter. I am presenting these data in 
mice but I definitely consider it possible that chronically infected human females 
may pass the disease to their offspring. Certainly no one has presented definitive 
experimental data that rules this out. As Eichenwald* has shown in his article 
in Adult Toxoplasmosis, there is a wide variation of disease in infants infected 
with Toxoplasma. Transmission from a chronically infected mother may explain 
some of his findings. 

This is all hypothesis, but it may be possible, in a mother who has a high, 
stable dye test titer (chronic infection), that the organism crosses the placental 
barrier, encysts in the child, and thus does not serve as an antigenic stimulus. 
That cyst may lie dormant for years. Then, later in life, the child may present 
with choroiditis or generalized disease due to disruption of such a cyst. This is 
suggested by several of Dr. Hogan’sf cases. Again, I want to add that I have no 
proof for these statements, but with the data now available, they are not far 
fetched. 

Beverley: May I put in a word in the opposite direction? We have not found, 
and I do not think you have, Dr. Remington, any evidence that the virulent 
strain of infection in mice will lead to congenital infection. 

Remington: This is because the mice die. 

Beverley: Oh, no, I mean in your challenge. You challenged the mothers with 
the RH strain? 

Remington: Yes, that is right. 

Beverley: And the resulting offspring were infected with an avirulent strain? 

Remington: Yes. 


* H. Eichenwald: Adult Toxoplasmosis, Munksgaard, Copenhagen, Denmark, 1960. 
+ M. J. Hogan: Am. J. Ophth., 46 (4): 467, 1958. 
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Beverley: Now, did you go so far as to test the mothers to see whether or not 
they had become infected with the RH strain? 

Remington: No, I do not think we did. 

Beverley: Well, we have done that, and they do take the infection. 

Remington: We had done similar work previously for other purposes. Mice, 
rats, and guinea pigs were used. I am sorry, I did not understand your question. 

Melton: In guinea pigs, the RH organism does multiply in the other tissues 
in immune animals. 

Beverley: But, even so, it does not lead to a parasitemia. 

Remington: No, the parasitemias were due to the Beverley strain. 

Beverley: And you do not get a repeated congenital infection? 

Remington: That is right. 

Beverley: Whether this is due to differences in their biological natures so that, 
with one, you can get recrudescences of infection and, with another, you do not, 
I do not know. 

Remington: In studying the placentas of these animals, and the literature on 
placental structure of animals and humans, it seems that the mouse and rat 
placenta is in many ways similar to the human. From these data, if cellular 
structure is the main barrier between mother and fetus, it seems possible that 
Toxoplasma would find it easier to traverse the human placenta than the same 
structure in the rodent. 

Feldman: But there is at least one very basic, fundamental difference between 
mice and humans. That is, the mouse has no heat-labile accessory system and 
therefore it cannot utilize its specific antibody. 

Remington: What about rats? Congenital transmission takes place in rats 
with chronic Toxoplasma infection. This animal is known to be very resistant 
to most infections and has been shown by Pillemer’s* group to have a high 
properdin level. 

Feldman: But the point is, when you use a mouse model, it is highly artificial 
in terms of the human for that very reason. There are other reasons, too. 

Beverley: In relation to that, however, we have found that we get congenital 
transmission, not only with the three strains of mice, but also with mastomys, 
guinea pigs, rabbits and sheep; some of these species have an adequate amount 
of heat-labile accessory system. 

Frenkel: In trying to transfer data from one animal to another, as far as I 
am concerned, we are all animals in this sense, I think that one cannot transfer 
them directly. All we can say is that the possibility exists, that repeated trans- 
placental transmission might happen in man. I think it is apparent from the 
clinical data that if it occurs, it is very rare. Maybe, it is so rare that it is prac- 
tically never seen, and so far it has not been observed. But I feel that one should 
not exclude the possibility and one should look for it; otherwise one would not 


find it. 
The second point is that I would be a little hesitant to say that serological 


* L. Pillemer et al.: Science, 120(3112): 279, 1954. 
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Fic. 119. Mortalities in mice infected with avirulent Toxoplasma at different stages of 
pregnancy. 


data can be applied to immunity as it exists in a host; in other words, to say 
that since mice do not have the heat-labile complement and properdin-like 
factor, therefore they have inadequate immunity. Mice develop a very adequate 
immunity in terms of protecting themselves from death or protecting themselves 
from marked tissue destruction.* However, to bring up accessory factor as the 
difference between mouse and man, or as one of the most important differences, 
seems to overlook a lot of factors which, even though they are not well defined, 
or are imponderables, are, I think, very important. 


* Ann. New York Acad. Sc., 64 (2): 215-251, 1956, Tables 2 and 4. 
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Beverley: Figure 118 is intended to show that young mice, after inoculation, 
continue to gain weight until about the tenth day, when they start to lose a 
considerable amount, and then, about the fifteenth day, they start to put it on 
again; so, between the tenth and fifteenth days is the period when the mice 
were subjected to most strain as a result of the infection. 

Figure 119 shows the mortalities that occur in Swiss mice when infected with 
the rabbit strain of Toxoplasma, in relation to different periods in pregnancy and 
lactation. Normally, in the nonpregnant or nonlactating state, this strain does not 
kill them at all. Here, if inoculation is done in the early part of pregnancy or 
just before mating, we get a high mortality, and the 10-day period would coincide 
with that part of pregnancy when growth of maternal and fetal tissues is most 
marked. 

Inoculation early in the second week of pregnancy, so that the stress period 
coincides with early lactation when the mothers are not feeding so much milk 
to their offspring, causes little mortality. With infection still later, the infection 
stress period coincides with the third or fourth week of lactation, when the 
mothers are producing a lot of milk. Infection at this time causes an even higher 
mortality than that during the period of pregnancy when there is most active 
growth. 

Remington: Because of the nature of the controls necessary for our congenital 
transmission work, we attempted to repeat Eichenwald’s* work on the trans- 
mission of Toxoplasma via the mother’s milk. Cowen and Wolf were unable to 
verify his resultst. Initially, we infected the mothers on the day of parturition 
and placed her with offspring born the same day of normal mothers. The infants 
suckled for several weeks and in no case did we find an infected baby. We used 
the RH strain in these early experiments and all of the mothers were dead in 6 
to 8 days. These dead mothers then had to be replaced by freshly infected 
mothers for continued suckling to take place. We then decided to infect the 
pregnant animals at varying intervals prior to parturition and placed them with 
normal offspring after they gave birth. Using this approach, we were able to 
establish, as did Eichenwald, that transmission may take place via the mother 
to her suckling offspring. 

Beverley: With the RH strain? Well, it is not only to be expected that the 
mothers will come down, but also that they will have a generalized infection and 
the offspring, if infected, will have the same strain and will die. 

Remington: No, I am sorry. What we do is to take pregnant animals and 
infect them with Toxoplasma. On the day that they deliver, we discard their 
own offspring and place normal new-born offspring with them. These offspring 
will, in some cases, come down with the infection. However, if instead of in- 
fecting the mother during her pregnancy, we inoculate her on the day of par- 
turition, she will not transmit the disease to the offspring. In other words, the 
mother has to be infected a definite period before delivery in order for her to 
pass the disease to normal babies. This is probably due to the fact that a para- 


* H. Eichenwald: Am. J. Dis. Child., 73 (No. 3): 307, 1948. 
+ D. Cowen and A. Wolf: J. Exper. Med., 92 (No. 5): 417, 1950. 
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sitemia and generalized tissue infection must be present in the mother during 
the first few days of suckling, for transmission to take place via the milk. It is 
probable, as is suggested by our results with the RH strain in mothers infected 
soon after delivery, that suckling mice soon develop an immunity to oral in- 
fection. This may be due to their developing enzymes in the gastrointestinal 
tract about that time, or to the possible ingestion of antibody with the milk. 

Goldman: How many days before? If you are using the RH strain, you do not 
have too much leeway. 

Remington: We did not use the RH strain after our first failures. We used a 
less virulent strain, so the mice would survive for a longer period after infection. 
Which strain did we use, Miss Melton? Was it 113-CE? 

Melton: It was one of the Swiss strains, the intermediate. 

Goldman: Could it be that there is transmission to the young from contamina- 
tion other than through the milk? If the mothers had a chance to develop a 
more generalized type of parasitemia, perhaps there is chance of transmission 
other than by lactation. 

Remington: We considered that also. It is extremely rare for an infected 
animal to transmit the disease to normal cage mates. We have had only negative 
results in our attempts at this with rats, mice, guinea pigs, rabbits and dogs. 

Maumenee: Does it still hold for humans that a female with one toxoplasmic 
child may not have another offspring with toxoplasmosis? 

Remington: For humans, Eichenwald has a series of over 600 children that he 
has been following together with their mothers.* Each of these mothers has 
given birth to a toxoplasmic child. He has never found a case of a mother giving 
birth to a second infected child. However, the probability, statistically, of a 
mother having one child with toxoplasmosis is, perhaps, 1 in 10,000. If we 
square this value, it would become almost a negative infinity for a mother to 
have a second child infected with Toxoplasma. 

Eyles: But the probability on that second one would be identical with the 
probability on the first; in other words, if you take this group that had had one, 
then you probably would still have the 1 in 10,000. 

Feldman: If it is independent of the infection. 

Eyles: Oh, yes, if it is independent of the infection. 

Remington: That is correct. But rather than extrapolate the data, I would 
like to suggest, as I did in my paper, that we do not know that the initial in- 
fected child resulted from an acute infection in the mother. 

Maumenee: How many times have you found a person with a chronic infection 
to have a parasitemia? 

Remington: I have not been able to find any data in the literature which show 
that authors have examined patients with possible chronic infections for the 
presence of a parasitemia. However, because of the data we have in animals, we 
bled each patient in the California series that came in for lymph node biopsy. 
The blood was immediately injected intraperitoneally into mice. One chronically 


* Eichenwald: Personal communication. 
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infected female with a stable dye test titer of 1:256 had a parasitemia. This 
patient also had a positive skin test. 

Maumenee: Did you check him repeatedly to see if he had repeated para- 
sitemias? 

Remington: No, she would not consent to that. I think, as you suggest from 
your question, that if we look more often we will find it. 

Lainson: I think, somewhere in the discussion, we should consider the fact 
that a mouse may have 10 to 13 offspring, whereas the human usually has one. 
That may come into the discussion somewhere because the chances of a mouse, 
over a lifetime, having congenitally infected offspring would be very much 
greater than that of a human being. 

Remington: Well, several of these mice delivered again after giving birth to 
the first positive litter, and gave birth to second and third litters that 
had positive offspring. 

Lainson: If it were a litter, say, of 9 mice, which is not unusual, and you had 
one infected one, then, that alters the picture quite considerably, I should think. 

Remington: Very often there would be only J or 2 infected offspring in a large 
litter. However, those mothers which were infected for approximately 1 year 
gave birth to litters in which all of the offspring were infected. 

Beverley: On that point, Dr. Lainson, we have noticed that the larger the 
litter that is reared, the smaller the proportion of the infected ones. If you have 
a litter of 8, 9 or 10, you may have only 1 infected. If, on the other hand, only 
4 are reared, then the chances are that all will be infected, and we assume that 
those which have died in the neonatal period have died because of their toxo- 
plasmic infection. 

Remington: In our parasitemia studies, we would take the blood of the animal 
and inject it into 2 or 3 mice. Rarely did more than 1 mouse come down with the 
infection so that the parasitemia, differing from that found in the acute infection, 
must be very slight. 

Feldman: There is another point as far as the human is concerned. If you 
tabulate the ages of the mothers who give birth to infected offspring, in close to 
500 cases, 75 per cent were under 28 years of age at the time they became preg- 
nant. 

Now, it is true that more babies are born to women under 30 than over 30, 
but I think that if this were an event which occurred accidentally, in the course 
of a lifetime, and was unrelated to the acquisition of a new infection, one might 
expect these mothers’ ages to be distributed more indiscriminately. Actually, 
their ages coincide with the ages of greatest susceptibility in that there are 
fewer immunes in the population under 25 than over 25. 

This lends some support to the theses, along with other things, that congenital 
infections represent acute or newly acquired infections in the mothers. 

Remington: The data could be more clearly set out if one could do a con- 
trolled experiment. We found that 23 per cent of the students had a positive 
dye test titer. The majority of these students were under the age of 25. One 
would have to find out what the conversion rate, from negative to positive dye 
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test titer is in this age group say, overa 3- or 4-year period. In this manner, acute 
toxoplasmosis could be considered the cause of the conversion and statistical 
data could be drawn from this conversion ratio. 

Hogan: May I add our data? A miscellaneous group of patients—not uveitis— 
were surveyed from the same population area, and about 23 per cent had a posi- 
tive dye test. All these patients were 20 years of age and over. 

Halbert: I would like to raise a question on another problem that Dr. Reming- 
ton discussed previously; that is, the composition of the cyst wall. Did you find 
that trypsin digested the cyst wall as readily as pepsin? 

Remington: Yes. This tells us that the amino acid sequence of the cyst wall is 
such that digestion can take place with both trypsin and pepsin. 

Halbert: I would like to ask two questions about this. First, does parenteral 
injection of trypsin do anything in vivo to chronically infected animals? Second, 
is there anything known about the cyst wall composition of closely related 
organisms like Besnoitia or others? Are they also digestible by proteinases? 

Remington: I have no data with which I can answer your question. It is an 
interesting possibility and certainly should be done. 

Halbert: 1 understand, in therapy, that one of the problems seems to be the 
presence of encysted forms, which are supposed to be impenetrable to the chemo- 
therapeutic agents. 

Remington: But then, of course, the trypsin would have to be absorbed intact 
and circulated through the system. It would be interesting, though, if one could 
take a dilute enough solution and inoculate it intravenously and see if one could 
get a flare-up. 

Halbert: Trypsin has been given parenterally, of course, for a number of 
therapeutic purposes. It would be feasible to try it, perhaps in conjunction with 
the chemotherapy of toxoplasmosis. 

Remington: It would be very interesting for someone to do it. Dr. Frenkel, do 
you have any data on the related organisms? 

Frenkel: No. 

Siim: How does the construction of the placenta in human beings differ, for 
example, from sheep and mice? 

Beverley: Well, rabbits have a hemoendothelial placenta and the barrier is 
only one cell layer in thickness. I am open to correction by anybody who knows 
more about this. Mice, rats, and humans have a placenta with a barrier of two 
cell layers. Sheep have a placenta with a barrier of five layers while pigs and 
horses have six layers. I do not know whether this histological difference in 
itself accounts for the differences in the permeabilities of the placenta to anti- 
bodies and antigens. 

Feldman: This was demonstrated by Theobald Smith. In some species, like 
the cattle, the young must feed on colostrum. They have no other way of be- 
coming passively immunized. You can correlate the number of layers in the 
placenta with its permeability to passively transferred antibody. Again, this is 
quite different from man. 

Beverley: I think that is all right from the point of view of an antigen-antibody 
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system, which does not damage the placenta. Had you in mind the equivalent 
of rhesus isoimmunization that affects horses and pigs in the neonatal period or 
were you thinking of a system where there are placental lesions and where there 
may be increased placental permeability through a damaged area? 

Feldman: Well, if there were damage or a break in the integrity of the vessel, 
I would say all bets were off. Anything might happen then. But, ordinarily, 
the young of these species must have colostrum in order to survive. 

Siim: We have had one woman whose case may interest you. She had acquired 
toxoplasmosis, with highly positive titers, and gave birth to a completely normal 
child. However, we were able to isolate Toxoplasma from the placenta. So in 
human beings, there seems to be a blood barrier in the placenta. 

Goldman: How long has the child been followed now? 

Siim: She moved to another country so we were only able to follow her up 
during the first months after pregnancy. 

Remington: Helbrugge’s* group showed that in rats, an animal with a placenta 
similar to that of the human, there seems to be a placental barrier to the crossing 
of the Toxoplasma organism and that this barrier breaks down only late in 
gestation. If their pregnant rats were infected at varying intervals during gesta- 
tion and sacrificed at different intervals after the infection, they found the 
placental barrier breaks down about the 17th day. We were unable to confirm 
these results, and in contrast to Helbrugge, we found offspring infected as early 
as the 14th day of gestation. I believe this to be more related to the duration of 
the acute infection in the mother than due to the breakdown of any “placental 
barrier.’’ However, this difference in results may be due to a difference in the rat 
and Toxoplasma strains employed. 

Pinkerton: I would like to raise a question about the meaning of the cervical 
adenopathy. Dr. Remington, when you infected these mice by ingestion, did 
you just put it in the food, or did you give it by stomach tube, or how did you 
do it? 

Remington: By stomach tube. If they were hungry enough, the material would 
be devoured if it was placed in the cages. 

Pinkerton: To me, somehow, the cervical adenopathy suggests the possibility 
of a tonsillar route, and, to ride my hobby again, this is the natural method by 
which a high antibody titer might be built up; in other words, tonsils might pick 
up the organisms, and from there they might get to the cervical nodes, which 
also contain many lymphocytes, which could be converted into plasma cells. 
A rather high titer might be built up in that way, which might be of some sig- 
nificance in the later protection, perhaps even extending as far down as the 
placenta, so that even though they reach the placenta, they might be devitalized 
there. 

Dr. Siim, did I understand you to say yesterday that most cases in which there 
was fetal infection did not have the cervical adenopathy, or did somebody 
suggest that most of them had no symptoms whatever? In other words, the 


* Helbrugge et al.: Ztschr. Tropenmed. u Parasitol., 4: 312, 1953. 
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point I am raising is whether there is any protection obtained by getting the 
infection through the tonsillar and lymph node route. 

Of course, in connection with that, did you get any cervical lymphadenopathy 
in these mice which were infected by the oral or by the gastric route? 

Remington: I have not examined them for this. Have you, Miss Melton? 

Melton: No. 

Siim: We have been able, as you may know, to isolate Toxoplasma from 
tonsillar biopsies. 

Remington: I believe Dr. Jacobs has recently been successful in this also, to 
confirm your results. 

Siim: We are not inclined to put much weight on this finding from the epi- 
demiological point of view. Because one can isolate Toxoplasma from a tonsil, 
it does not mean that this localization is the only port of entry of the infection, 
since the tonsils are only a part of the lymph node system. In one case only have 
we found swelling of a cervical lymph node in a boy, and from that node we 
isolated Toxoplasma. As I said previously, in most cases the initial symptoms 
and signs are so slight that we are too late to discover a possible primary localiza- 
tion of the infection in the lymph nodes. The lymphadenopathy is almost in- 
variably generalized when the patient sees the doctor for the first time. 

Pinkerton: As you probably know, one can get rather marked cases of tubercu- 
losis of the tonsils, and sometimes with enlargement of the cervical nodes, but 
without a serious tuberculous infection. This tonsillar tuberculosis has, as far 
as I know, an absolutely good prognosis. 

When I first used to find these cases, I was worried. I remember that we found 
marked caseous tuberculosis in the tonsils taken out from one of our secretaries. 
I looked up the literature at that time and found that this did not mean she was 
going to develop pulmonary or any other type of tuberculosis, apparently 
because the local infection prevents the systemic infection. 

Fair: Dr. Remington has suggested that congenital toxoplasmosis occasionally, 
at least, may be caused by a chronic infection of the mother. We all know that 
absence of symptoms in these mothers is a usual state of affairs. However, on 
close questioning, we may turn up histories that are worth while. 

I have recently analyzed 150-odd cases of congenital chorioretinitis, and I 
hope to be able to present more data on this series sometime today, but we had 
histories of the pregnancy in about a hundred of these and in 25 of them there 
was the suggestion of infection of some kind, ranging all the way from a general- 
ized lymphadenopathy in 1 case, at 6 months, on down to frequent colds and 
fever. I do not think mothers would remember an occasional cold. It is only if 
they told me that they had frequent colds or “flu” that I counted this sort of 
thing. Another one had a “mad” rash, which means a florid rash in the South; 
others had “‘flu’’ and fever that lasted for 6 weeks and required going to bed. 
Others had pneumonia, generalized rash, rashes on the face, and so on. On 
close questioning, we often turn up histories of this kind. 

Now, these did not all result in cases of congenital toxoplasmosis. Four or 
five of them were not congenital toxoplasmosis serologically. This was an analysis 
of cases of congenital chorioretinitis whatever the infectious agent. 
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There is no more crucial question to be asked about any disease than ‘‘How is 
the diagnosis made?” This is especially true in the case of toxoplasmosis in which 
subclinical infection is common, and symptoms are uncommon and often non- 
specific. In this disease in which new clinical manifestations continue to be 
recognized, a laboratory rather than merely a clinical diagnosis is often required. 
Although methods have been developed for the diagnosis of toxoplasmosis, 
many questions remain. 

Firstly, how accurate and specific are the available methods? 

Secondly, how can our present diagnostic tools be improved and made more 
generally available? 

And finally, how can we distinguish between chronic incidental infection and 
active disease? Cases are described as toxoplasmosis in which the evidence for 
the diagnosis is difficult to evaluate since precise criteria for the diagnosis are 
not clearly established. What are the criteria that permit a definite or pre- 
sumptive diagnosis of the acute or chronic disease? 

The most direct method for the diagnosis of toxoplasmosis is isolation of the 
parasite, and the techniques for this are well established.’ Because strains that 
are avirulent for animals have frequently been recovered from man, the sero- 
logical testing of the animals used for isolation is of great value and permits 
continued passage and final cultivation of the parasite. We find that tissue 
cultures require such large inocula to demonstrate infection as to be unsuitable 
for routine isolations. 

More vigorous attempts should probably be made to recover organisms from 
the blood, even in patients with chronic infection. Recent studies in animals 
suggest that parasitemias may persist for many months after the initial infection,? 
and Remington et al. have isolated the organisms from the blood of a patient 
with a dye titer of 256 at the time of isolation, 4 months after the dye test and 
skin test were known to be positive. Presumably, the organisms are protected 
from antibody by being present within leukocytes, and the more frequent re- 
covery of organisms from the blood of patients with chronic disease may be 
possible. 

As important as the techniques, however, is the interpretation of an isolation 
once accomplished. Subclinical and chronic infection with toxoplasmas is so 
common that, as might be anticipated, toxoplasmas have been isolated from the 
tissues of otherwise asymptomatic human beings as well as from many animals.*? 
In addition, Hogan® and others® suggest the possibility of reactivation of previ- 
ously latent infection in patients with superimposed systemic disease. In both 
cases, therefore, despite successful isolation, the organism may not be primarily 
responsible for the observed symptomatology and its presence might, on occasion, 
confuse rather than clarify the clinical picture. 
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In the study of toxoplasmosis, as in other infections, the measurement of 
circulating antibody levels plays a crucial role. Of the present techniques for 
the measurement of antibodies, the test developed by Sabin and Feldman" 
has been of greatest value in furthering our knowledge of this disease. It has 
been suspected that this antibody was a neutralizing antibody, and, in fact, the 
organisms are morphologically altered by the antibody so that the methylene 
blue dye is not required for the test."! The neutralizing nature of the antibody 
has been further confirmed by quantitative tissue culture and by in vivo studies.” 
Similarly, electronmicroscopic studies have shown that the discrete organelles 
of organisms exposed to antibody disappear and that the cytoplasm becomes 
homogenous.” 

The dye test has been extremely useful, but its specificity has been disputed. 
This subject has recently been thoroughly reviewed": '* and despite occasional 
reports to the contrary, most investigators appear to agree that organisms such 
as Trichomonas cannot produce high dye test titers. However, the question of 
whether low titers can result on a nonspecific basis is not so clear. Certainly some 
claims of lack of specificity of the dye test may be due to nonspecific labile 
serum factors present in specimens which were not properly inactivated.'® This 
problem of specificity has become of crucial importance since the discovery 
that there can be active ocular toxoplasmosis with low dye test titers. Further- 
more, superinfection of a patient with asymptomatic chronic toxoplasmosis and 
a stable low titer by organisms with antigenic cross reactivity, if such organisms 
exist, might result in a rising Toxoplasma antibody titer that is nonspecific. 
Most evidence seems to suggest that the dye test antibody, a neutralizing 
antibody, is absolutely specific, but these questions are of such importance as 
to merit further consideration. 

Toxoplasmas are complex organisms that stimulate many types of antibodies 
in addition to those involved in the dye test. Each method used in the measure- 
ment of these other antibodies, in addition to its basic interest, can be considered 
from two practical aspects. First, does the time of development and disappearance 
of the reaction help in the diagnosis of the acute disease? Secondly, and perhaps 
more important, is the test simpler, safer, and more generally applicable than 
the dye test, since the dye test requires the dangerous use of live organisms and 
the laborious microscopic enumeration of stained and unstained organisms in 
each serum dilution? 

Second to the dye test in the frequency with which it is employed is the 
complement fixation test. This procedure is not difficult, and in becoming positive 
later and becoming negative sooner than the dye test, complement fixation tests 
have been used as an index of acute disease." Since the complement fixation 
antigen has not been well standardized, the test is difficult to quantitate. In 
addition, because the test is so much less sensitive than the dye test, it may be 
a useful adjunct, but cannot be considered as a substitute for this test in general 
use. 

Precipitation tests for Toxoplasma antibodies are simple to do and require 
little antibody,'* but we have found them insensitive, very difficult to quantitate, 
and not of definite practical value." 








TOXOPLASMOSIS SYMPOSIUM 879 


Fluorescein tagged antibodies to Toxoplasma were first described by Dr. 
Goldman, and our experience with the technique confirms his results.*’ Testing 
for antibodies may be done by three methods: 

1. The most direct method requires the fluorescein-labeling of each serum 
sample and subsequent study of serum dilutions applied to fixed organisms to 
determine whether specific staining is present. The labeling of each serum, 
however, is prohibitively laborious. 

2. A modification of this technique employs a known source of labeled anti- 
bodies. If fixed organisms are pretreated with unknown serum dilutions con- 
taining sufficient unlabeled antibodies, these will inhibit the subsequent staining 
by the fluorescent antibodies. 

3. A third technique is possible whereby fixed organisms are treated with the 
serum dilutions to be tested and then treated with fluorescein-labeled antibody 
to human globulin. In this procedure, antibody in the unknown serum binds to 
the organisms and is in turn stained by the labeled anti-human globulin. 

We have found fluorescent antibody techniques fascinating, but in our hands 
they are time consuming and, more important, results are difficult to reproduce 
and quantitate. For the detection of organisms in acutely and heavily infected 
tissues, fluorescent antibody techniques are helpful and are facilitated by the 
fixation and imbedding techniques suggested by Goldman.*! When organisms are 
few, however, and when inflammation, necrosis, and disorganization of tissues 
are present, as so frequently occurs in sections of eyes, nonspecific staining is 
sufficiently troublesome that in our hands the localization of parasites has been 
difficult or impossible. 

Another approach to the detection of Toxoplasma antibodies employs ag- 
glutination. These tests appear to be of great value and may utilize the agglutina- 
tion of fixed whole organisms or the agglutination of larger particles such as 
erythrocytes to which antigen has been bound. 

Fulton et al.” described the agglutination of fixed organisms obtained in large 
quantities from the peritoneal fluid of the cotton rat. Although the preparation 
of organisms may be laborious, the test appears to merit further study. 

Some types of hemagglutination tests do not appear useful,”*:** but modi- 
fications of the one employing tannic acid-treated erythrocytes as developed by 
Jacobs and Lunde appear to be of great value.”*: 2° The advantages of a hemag- 
glutination test are (1) it employs nonliving antigen which can be stored for 
long periods of time, (2) it is quantitative, and, (3) though somewhat time 
consuming, it is much easier than the dye test to perform and interpret. How- 
ever, the test requires antigen derived from live organisms, and it uses cells which 
generally must be prepared, tanned, and sensitized before each test. 

Recently we have employed formaldehyde treated human erythrocytes in 
the performance of this test with resultant titers identical to those found with 
fresh erythrocytes. Although most of our work was done with type O RH negative 
erythrocytes, any type of human cells was satisfactory, and cells were always 
available. The formaldehyde treatment and storage are simple, and the details 
of storage, described elsewhere, are summarized in Table 19. 

With a goal of making Toxoplasma antibody tests easier and safe for any 
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laboratory, our studies have been oriented toward developing a single reagent 
(formaldehyde-treated sensitized erythrocytes) which could be prepared at a 
central source. Simply adding the reagent to serum dilutions, incubating, and 
glancing at the tubes would reveal the antibody titer (Table 18). Unfortunately, 
our cells preserved after sensitization have not survived storage as well as those 
preserved after tanning and later sensitized, but newer techniques of preservation 
may improve this. 

Independently, Park” and Lunde** have used fixed cells with results generally 
similar to ours. 

Although the hemagglutination test is potentially more sensitive than the dye 
test, the antigen varies in potency and is standardized to give titers comparable 
to the dye test. In man, hemagglutination antibody is detectable several days 
after the dye test antibody, and once present, persists. In our experience with 
humans, except for sera obtained in the early acute phase of infection, there has 
been complete agreement between dye and hemagglutination tests as to posi- 
tivity or negativity, and a good general correlation as to titers (Table 20). The 
exact relationship between these tests varies with the species studied. 


TABLE 19 
Preservation of formaldehyde treated erythrocytes 





























Method of Storage Formaldehyde Treated Cells | Time of Preservation 
Refrigerated, 0°-5°C. Formaldehyde treated only 3+ months 
Tannic acid treated 3+ months 
Sensitized 6+ weeks 
Lyophilized Formaldehyde treated only | 2+ months 
Tannic acid treated 3+ months 
Sensitized 2 months 
Frozen, —15°C. Formaldehyde treated only 6 months 
Tannic acid treated | 3+ months 
Sensitized 3 months 
TABLE 20 
Relationship between dye test and hemagglutination test with formalin-treated 
erythrocytes 
Hemagglutination Titer 
Dye Test Titer - 
Neg 4 16 | 64 | 256 1024 4096 
Negative 63 | | 
16 3 1 2 | 
32 2 
64 1 } 4 | 1 | 
128 | | Sy @) | 
256 | | 5 | 3 | 
1024 | £# | 8 
4096 | | | | | 2 
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TABLE 21 
Possible laboratory criteria of acute and chronic infection 





1. Dye test negative turning positive 
Especially if the titer becomes very elevated, this appears to be presumptive 
evidence of acute infection. 
2. Dye test positive but rising 
Since titers in apparently normal people can fluctuate, how much of a rise 
is required for the diagnosis of acute infection or “reactivated infection?” 
3. Very high dye test titer 
Is there any titer level so high as to be diagnostic of acute infection? 
4. Falling titers 
Can any diagnostic significance be attributed to an isolated finding of a 
falling titer? 
5. Skin test 
We know that after acute infection in the face of high stable titers, the skin 
test can be negative for about two years. Can a negative skin test be con- 
sidered as good confirmatory evidence of recent infection? 
6. Changing CF test 
Are changes in the CF test sufficiently well understood, standardized, and 
documented in acute cases and chronic cases for this to provide conclusive 
evidence of acute infection? 


(Each of these above criteria has been used as ‘‘proof’’ of acute infection.) 


. Low dye test titers 
Is the dye test sufficiently specific that any titer, no matter how low, is 
diagnostic of previous Toxoplasma infection or chronic infection as is 
seen in ocular toxoplasmosis? 


~I 





In summary, despite the value of the Sabin-Feldman dye test, simpler and 
safer tests have been sought. It seems likely that the Jacobs-Lunde hemag- 
glutination test modified to employ fixed erythrocytes may prove to be a useful 
substitute. 

Although problems remain in the development of new laboratory tests, the 
interpretation and standardization of methods now at our disposal are of even 
greater importance. The criteria diagnostic of acute infection are especially in 
need of definition, and the lack of such accepted criteria has resulted in great 
difficulty in delineating the clinical syndromes associated with this disease. 
Many reports have been published of cases felt to be acute toxoplasmosis in 
which the laboratory proofs of acute infection appear questionable indeed. 
Your comments and experience would certainly be of aid in establishing generally 
acceptable laboratory criteria for the definition of acute and chronic infection, 
and some of the questions in Table 21 might serve to start our discussion. 
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Zimmerman: When you use the term “acute,’’ you are including, in addition 
to initial infection, acute exacerbation of a chronic infection? 
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Kaufman: Yes, this would certainly go into category 2. It is evident that an 
exacerbation or some flare-up in the process occurred and this would certainly 
be part of it. 

Remington: I should like to bring up one other possibility. These are the 
initial serological data from the California study. It was interesting to us that 
we had such difficulty in making the diagnosis of acute toxoplasmosis. 

Certain students presented to us with an initial high dye test titer. Because 
no rise in titer could be demonstrated in these individuals, they were not included 
as acute cases. (All of the cases in our series were chosen because they presented 
with the clinical picture of infectious mononucleosis.) At a later date, Mr. Lunde 
from Dr. Jacobs’ laboratory at the NIH performed hemagglutination tests on 
the same sera. His results are most interesting. Some of our cases had a low 
hemagglutination titer (1:16 to 1:64) on the same sera that showed a dye test 
titer of 1:16,000 to 1:32,000. These hemagglutination titers often rose to higher 
levels later in the illness, the dye test remaining stable. This may present us with 
another tool to increase our armamentarium for making the diagnosis of acute 
disease. An initially high dye test was not an unusual finding in our acute cases, 
and because of this we had no way of proving that the acute illness was toxo- 
plasmosis. It is possible that we missed the rise in titer, which could have occurred 
prior to the patients entry into the hospital. A rising hemagglutination test in 
these same patients tipped us off to the diagnosis. Since the hemagglutination 
test becomes positive later in the course of the disease it may be helpful in 
solving the difficulty of diagnosing acute toxoplasmosis. 

There was in these cases a very close agreement between the dye test and the 
hemagglutination test. It is only in certain acute cases that the dye test is greater 
than one tube dilution higher than the corresponding hemagglutination test. 

Goldman: I wanted to bring up to date some of the information on the fluores- 
cence inhibition test that Dr. Kaufman mentioned. Since then, we have done 
considerably more work on a satisfactory titration procedure. 

It was originally reported as a test that would give positive, negative, and 
doubtful categories of result. Now, with some slight modification, we get titers. 

As to reproducibility, we trained someone who spent 3 days in the laboratory 
and then went off to do these tests elsewhere. We have run a series of 138 sera 
that were run blind in the two laboratories where we supplied the antigen and 
the conjugate; 69 per cent of them were reported to the same titer and 97 per 
cent of them were reported within a 4-fold dilution. They were done in two 
different laboratories as completely blind studies. 

Just this past week we had some experience in training students for a day in 
fluorescent antibody methods in general. In the afternoon, they were given three 
sera to titer, and we got very excellent results from these students; so it does 
seem as though the method has potential, both in reproducibility and suitability. 

Of what value is it? Well, in comparison with the dye test, we have run a 
considerable number of sera. We thought, by dividing our sera into congenital 
and acquired suspects, we might see some difference. Actually, however, the 
results turned out to be the same. The comparison with the dye test shows about 
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65 per cent the same or similar titer, and some 85 per cent within a 4-fold dilution. 
Where the titers differ, they almost invariably are lower with the inhibition test. 

Now, of course, this is gamesmanship. If you are developing a new test and 
you get exactly the same results as with the first test, which is very good, then 
you say, “‘Well, we’ve got a good test. It does what the other one did.” If you 
get different results, you say, “Well, we’re showing something new with this 
test.” 

I cannot say definitely that what we are showing is new or that the fluorescence 
inhibition test shows something that the dye test does not show. I would like to 
tell you about someone who became infected in our laboratory. 

This person had been used as an accessory factor donor and was completely 
negative in the dye test. On the day of the first symptoms, he was bled, and the 
dye test was still negative. Two days later, it became positive undiluted. At 
that point, with his clinical symptoms, we considered that sufficient evidence to 
start treatment. Treatment was begun the next day, then, and 4 days later he 
was bled again, and had a dye test titer of 1:64 and a fluorescence inhibition 
titer of 1:64. From then on, he went up to 1:256 in the dye test and remained 
at 1:256 in the inhibition test. In 4 months the dye test is beginning to drop. 
We think we effected a radical cure because his dye test titer is dropping. The 
inhibition test has remained the same. 

The last curious aspect of this is that all these sera are negative by hemag- 
glutination. 

Feldman: What did the dye test drop to? 

Goldman: The last one was 1:4, 4 monihs later. 

Feldman: Have you tested the serum that was 1:256 previously, in the same 
test? 

Goldman: Well, some of these have been done in the same test, not all of them. 
But there is no question about this drop. He had a 1:16 on July Ist, and July 
26th, 1:4. 

Remington: Who did the hemagglutination test? 

Goldman: We are doing the hemagglutination test, and, in general, we get 
very good correlation between hemagglutination and our dye tests. In rare 
exceptions they go in both directions; positive hemagglutination and negative 
dye, and the other way around. 

From a practical standpoint, this case is of little significance because you are 
not likely to get a patient within 5 or 7 days of infection. But from a biological 
standpoint or from a theoretical standpoint, it is very interesting as an indication 
of different antigenic systems being involved. The one detectable by hemag- 
glutination, perhaps, being different and coming on just a little later than the 
other, and being prevented from a rise in this case by the immediate and heavy 
treatment. 

Kaufman: It certainly seems likely that the hemagglutination system is 
different from the dye test system and that the correlation is fortuitous. Sub- 
sequent to the symposium, experience with Dr. Goldman’s modification of the 
fluorescence inhibition test indicates that it is probably easier and more reliable 
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than the hemagglutination test and may well be preferable as a substitute for 
the dye test. 

Goldman: One more point, about the possibilities of the fluorescence inhibition 
test. Again, we have data so slight as to be almost no data. We received serum 
from a chicken in which Dr. Jacobs isolated Toxoplasma from the chicken 
tissue. This serum had a dye test of 1:16 or 1:64, depending upon which labora- 
tory did the test, Dr. Jacobs’ or ours. The inhibition test was 1: 1000 in this case. 

We know that in birds, the dye test tends to be very low, for some reason, in 
experimental infections. There is a possibility that the inhibition system may 
reveal antibody more readily in these bird sera. 

Brooke: Dr. Kaufman has brought up the subject of the availability of sero- 
logical service in this field. Of course, this is of particular interest to us at the 
Communicable Diseases Center. I do not know if all of you are familiar with the 
background on this, but we set up the dye test laboratory at CDC in 1952 as a 
result of a request of the National Committee on Toxoplasmosis.* Our service 
has had to be a restricted one, which has caused great concern particularly to 
the ophthalmologists throughout the country. We accept sera primarily only 
from suspected congenital cases and their mothers. 

In 1954, there was a conference on toxoplasmosis called to reconsider the 
accumulated data with regard to the eye lesion cases, with the thought that, 
perhaps, the routine diagnostic service might be extended to that type of case. 
At that time, the group decided that there was not sufficient justification to set 
up the facilities for testing all suspected. 

We have recently contacted most of the state health department laboratories 
with regard to what they are currently doing in the area of rendering serological 
service for toxoplasmosis. Only six reported that they are currently doing any 
testing: Texas, Minnesota, Wisconsin, Illinois, North Carolina, and New York. 
Four of them are performing the dye test. One is performing only the CF test, 
and another, the fluorescence inhibition test. 

Although our assistance has been available to the States, to help them set up 
the dye test procedure, there is a great deal of reluctance in establishing it in 
their laboratories. Right now, as Dr. Kaufman and others have pointed out, 
we are at a stage in the development of our information, where we do have the 
possibility of extending the serological service considerably if other tests are 
accepted. 

There are other factors which make it possible for the state laboratories to 
set up either one or the other of the newer procedures. Quite a number of the 
state laboratories are currently performing hemagglutination tests in the virus 
field. 

Also, before the end of 1961 through the Heart Diseases Control Program 
practically every state laboratory will be equipped with facilities and trained 
personnel to perform fluorescent antibody techniques. Although initially they 

* A.B. Sabin, H. Eichenwald, H. A. Feldman, and L. Jacobs: Present status of clinical 


manifestations of toxoplasmosis in man. Indications and provisions for routine serologic 
diagnosis. J.A.M.A., 150: 1063-1069, 1952. 
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are concerned with diagnosis, several have already expressed interest in per- 
forming the fluorescence inhibition test for toxoplasmosis. 

We do have now at least the fertile ground for spreading this type of diagnostic 
service. It would certainly be hoped that today we could get some answers or 
direction with regard to what should be done. First, is it now justified to recom- 
mend the routine testing of suspected eye lesion cases? And second, can the 
fluorescence inhibition test and the hemagglutination test be used as substitutes 
for the dye test? 

Kaufman: I think that Dr. Brooke’s points are certainly very important, but 
I do not think it is yet possible to definitively determine which type of test will 
be most practical. 

Leopold: Is there any study that has been done on patients who have been 
placed on steroids, for a long period of time, and had their dye test titers watched 
during that period? 

Hogan: Yes, but in the cases that had fairly high dye test titers, we have not 
noted that steroid therapy altered the titer. 

Kaufman: It has been reported with some other antibody systems that ACTH 
and cortisone will, at least temporarily, increase the antibody titer. 

Frenkel: Well, those are the data by Dougherty and White, the very early 
ones. But I think they have been shown to be very special circumstances, and 
there was some doubt about the technique. The data of Fischel, Stoerk and 
Bjorneboe* have shown that once titers are established, they remain stable in 
the face of corticoid treatment. If the corticoid doses are so great that protein 
synthesis is markedly impaired, replacement of natural attrition may lead to a 
gradual decline. 

Siim: During the past month, my co-worker Dr. K. Lind and I have been 
performing serological studies which may interest you. In a Toxoplasma floccula- 
tion test polymethyl-methacrylic particles from Bofors have been used. These 
are about 0.5u in size and are coated with a crude aqueous extract of mouse 
peritoneal fluid. When such a suspension is added to a serial dilution of heat- 
inactivated serum from both humans and animals with toxoplasmosis, we have 
been able to demonstrate a definite flocculation. It is quite interesting that this 
flocculation does not occur after incubation of the suspension and serum at room 
temperature, but only after an overnight incubation in the ice-box at 4°C. 
Figure 120 shows the negative control with a completely homogeneous sus- 
pension. 

Table 22 shows what we are measuring by these tests. We have infected a 
large number of mice with a strain of low virulence and taken blood at three-day 
intervals. We have tested these sera in the heat-inactivated state by the floc- 
culation, the dye, and the hemagglutination tests. The red cells in the hemag- 
glutination test have been coated with the same extract that we have used in 
the flocculation test. You will see that both the dye test and the hemagglutination 
test in these experiments became positive about the 13th day. 


* Fischel, Stoerk, and Bjorneboe: Proc. Soc. Exper. Biol. & Med., 77: 111, 1951. 
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Fic. 120. Toxoplasma flocculation test. Left, negative control serum; right, positive 


serum, 


FABLE 22 
Toroplasma antibodies in serum from mice infected with Toxoplasma gondii of 
low virulence, as determined by the Toxoplasma flocculation, due, and 


hemagglutination tests (Siim and Lind, 1960) 


Days after Infection Controis 
Test 
Neg Pr 
} 1 1 1¢ 0) 24 ”) 5 4? ) & tive tive 
uma nat 
Floceculation 
test <10 <10 <10 <10 <10 <10 10 SO 320 640 (40 1280 <10 (40 
Dye test <10 <10 <10) 50 250 = 250 250 250 1250 6250 1250 6250 <5 1250 
Hemagglu 
tination 
test* <10 <10 <10 160) SO 160) 1601280 6402560 10,000 10,000 <10 2560 


* The tanned sheep cells were sensitized with the same antigen as used in the flocculation 
test. 


About 11 days later, when the test is read macroscopically, there is a floe- 
culation titer of 1:40. However, if the test is read microscopically on the 16th 
day, it will be positive, 7.e., about 3 to 4 days after the other tests became positive. 
You will see that the titers reach about 1:1000, definitely lower than the dye 
and hemagglutination test titers. 

On the other hand (which is somewhat strange), there seem to be slightly 
more positive reactions in the flocculation test using dye test negative sera. 
Whole Toxoplasma from mouse peritoneal fluid have been used in an absorption 
experiment and we have been able to absorb completely the dye test antibody, 
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which are possibly surface antigens. However, we could not empty the sera 
totally when measured by the flocculation test. 

I would like to stress once more that these results are preliminary and that 
much more study is required. Our tentative impression is that it is a safe, easy 
and simple test, which does not require accessory factor, and which seems to be 
able to measure toxoplasmic antibody. 

Kaufman: In my experience, bentonite will perform similarly and I am sure 
it is possible to agglutinate other particles by sensitizing them with Toxoplasma 
antigens. The reason we concentrated primarily on red cells was, first of all, 
because a hemagglutination test had already been developed, and, secondly, 
erythrocytes were the most available and easiest particles to obtain and make 
ready for use. 

We simply use bank blood that is out of date. The formalinization procedure 
is exceedingly simple, even simpler than spinning down bentonite to get a sus- 
pension of uniform size.* The universal availability and convenience have made 
us use red cells as opposed to other particles, but I would expect the results of 
most agglutination tests to be similar. 

Stim: The acrylic particles are very easy to obtain and they can be stored 
almost indefinitely. 

Goldman: Are they sensitized? 

Siim: We have used them for 14 days after sensitization and they were still 
active. 

Kaufman: That would be very important. If these can really be stored sensi- 
tized, they may be very valuable. 

Frenkel: 1 would like to illustrate the development of antibodies in the same 
patient by the dye and the hemagglutination test. This is the result of a 
laboratory infection, due to a needle scratch on the little finger. I do not know 
whether you can recognize the redness. 

Figure 121 shows the onset of signs and symptoms, which happened fairly 
promptly.f Isolation of Toxoplasma from the bloodstream was accomplished on 
the ninth day and treatment was instituted on the same day. 

The first positive dye test titer was 1:4 (Fig. 122), and I should say that in 
previous years this individual had repeated negative dye test titers, although 
we did not have one for a month or two or three prior to onset. The evidenc 
that this is acute infection is clinical and related to the serological response. The 
first positive hemagglutination titer occurred on the 29th or 30th, about 14 
days after the infection, whereas the first positive measured dye test titer was 
about 9 days after the infection. 

It is true, for research purposes, that it is valuable to plot titers by the tw 
tests, one against the other. On the other hand, slight differences in the onset of 


* E. Maloney and H. E. Kaufman: The rapid and convenient detection of Toxoplasm 
antibodies using formaldehyde-treated human erythrocytes. Am. J. Ophth., 50 (Part II 
945-949, 1960. 

+ Frenkel: J. A. M. A., 173: 1471-1476, 1960. 
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Fic. 121. Chronological sequence of events and febrile course terminated by chemo- 
therapy in patient with acute toxoplasmosis. (By permission of A. M. A.; from Frenkel, 
J.A.M.A., 173: 1472, 1960.) 
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Fic. 122. Correlation of chemotherapy, hematologic changes and vitamin therapy with 
serologic and isolation studies in a patient with acute toxoplasmosis. (By permission of 
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from Frenkel, J.A.M.A., 173: 1473, 1960.) 
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a serological change may not be so important. I certainly feel it worth the con- 
sideration, if the technical facilities are available, to make available to ophthal- 
mologists either the dye or the hemagglutination tests, or whatever tests vou 
feel technically feasible and adequately developed, since we are aware that at 
present two types of data are collected. 

One type is collected by competent ophthalmologists who are interested in 
etiological studies and who have difficulty at present getting adequate help 
serologically. On the other hand, there are people who are very competent in 
doing the serological tests, but who have to depend on ophthalmologists of 
varying competence, some apparently even refusing to make a diagnosis, as to 
whether a lesion is located primarily in the retina or choroid. I feel that the 
competent research-minded ophthalmologists ought to be helped, and this can 
be done by competent serologists who are equipped and willing to do the test. 
Whether this is technically or administratively feasible is another matter. 
However, I have long felt that restrictions on the availability of tests are only a 
detriment to the furtherance of the acquisition of scientific information. 

Halbert: | would like to put in a plug for the hemagglutination test in general. 
I believe it has proved to be the most sensitive test known for the detection 
of antibodies in vitro. I suspect that, perhaps, the failure to find it in some 
instances where other antibody manifestations have been detected, may be due 
to the fact that in Toxoplasma, at least, we are dealing with a multiple antigenic 
system, and so preparations may not have the particular antigen that is involved, 
say, in the dye test. 

More generally, I think, some of the points that Dr. Kaufman raised are very 
important. Toxoplasmosis is a generalized infection. Many individuals get it, 
but only a few people get the disease. Now, what one would like to do would 
actually be to sample the lesion and see if one could isolate the organism from 
the lesion. Obviously, this cannot be done, especially in the eve. What one can 
do is to look for evidence of the presence of the organisms by way of the antigen 
that the organism may produce. As I said before, the hemagglutination test is 
the most sensitive immunological test in vitro that we know of, and the hemag- 
glutination test can be adapted for the detection of antigen. It is also, by the 
hemagglutination inhibition test, the most sensitive zn vitro method we have for 
detecting antigen. It can pick up minute amounts of antigen. 

What I would like to ask is whether those of you who have studied experimental 
ocular infection with toxoplasmosis can detect antigen in the aqueous humor of 
these infected animals. 

Kaufman: Dr. Halbert suggested this to me before. He mentioned two points 
that are important. First of all, the hemagglutination test is exceedingly sensitive, 
and we decrease its sensitivity greatly by standardizing the antigen against the 
dye test; that is, we cut down the hemagglutination titers so that our titers are 
parallel in the standard serum to those of the dye test. This is because, at least 
at present, the hemagglutination antigen has not been purified, and we have no 
other way to standardize it from batch to batch and obtain comparable titers. 
It is similar to Dr. Feldman’s standardizing the skin test with the complement- 
fixation test. 
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If, some day, this antigen were purified, we would certainly have a better 
absolute standard, and this would facilitate and increase the sensitivity of testing. 

Testing the aqueous, at least on a few attempts, has been unsatisfactory with 
hemagglutination inhibition. We postulate that this is because there is leakage 
of serum components into the aqueous, and the antigen is already bound to 
antibody. If we could destroy the antibody selectively, this might solve our 
problem, but the antigen seems to be more labile than the antibody and we have 
not been able to do this. 

J/aumenee: Are these tests in patients with posterior or anterior uveitis? 

Kaufman: These are in guinea pigs and rabbits. 

Goldman: We have been doing some gel diffusion with just peritoneal exudate 
as antigen versus serum, and, while we can get very nice lines with rabbit hyper- 
immune serum, which has a dye titer of only 1:256, we get very poor lines and 
fewer with one of our positive control human sera with a titer of 1:2000 and 
1:4000, so there is some difference, apparently. The rabbits were immunized 
with dead material, exudate or dead organisms. They were not infected. 

Kaufman: This would confirm our experience with the precipitin test. It seems 
to be generally less sensitive than the dye test and does not correlate well with 
the dve test. 

Halbert: 1 would like to raise two points, if I may, one with regard to the 
feasibility of distributing antigen for general and widespread use. 

I think that Dr. Kaufman has shown in his studies that you can lyophilize 
formalin-fixed erythrocytes and store them before coating with antigen. Dr. 
H. N. Park at Columbia University has succeeded in lyophilizing antigen- 
coated, formalin-fixed, tannic-acid treated erythrocytes. These have been stored 
for 6 months, and still are stable and useful for detecting hemagglutinating 
antibodies. 

If this can be confirmed, and if it might be feasible for a central source to 
prepare an enormous batch of such a diagnostic reagent, it could be distributed 
all over the world. The tests are extremely simple to run and comparable results 
might then be obtained in laboratories even in remote areas. 

The other point I would like to make, if I may, is by analogy. It is a straw in 
the wind. There have been two recent papers now, dealing with the use of pre- 
cipitin methods for the diagnosis of active tuberculous disease. Tuberculosis, 
of course, is another infection which is widespread, but where disease is 
a relatively uncommon affair. Most of us are sensitive to tuberculin, but very 
few of us have tuberculous disease. The diagnosis of active tuberculosis has been 
a big problem. But in these recent papers, it has been shown that patients with 
active tuberculous lesions show precipitating antibodies to concentrate of the 
filtrates of tubercle bacilli, whereas tuberculin-positive, nondiseased individuals 
have no such antibodies. 

I would just like to ask Dr. Siim if he has tested whether patients with proved 
acute lvymphomatous toxoplasmosis have shown precipitating antibody in gel 
with concentrates of the Toxoplasma organisms during the convalescent period. 

Siim: No, we have not. 


Remington: I would like to mention that the precipitin technique is relatively 
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nonsensitive when compared with the hemagglutination technique. Returning 
for a moment to Dr. Halbert’s question as to the presence of antigen in the 
aqueous, the passive cutaneous anaphylaxis technique as performed by Dr. 
Ovary* might be a method which would be sensitive enough to show small 
amounts of Toxoplasma antigen in these cases. 

As for Dr. Brooke’s and Dr. Frenkel’s remarks I must say that it is also 
important for the internist to make the diagnosis of toxoplasmosis. With the 
facts published by Dr. Siimf and Dr. Beverleyt on adult toxoplasmosis in their 
respective countries, one would expect more interest in this disease in our own 
nation. Some feel that we are working with an organism that is in search of a 
disease. The reason for this is that in most medical centers in the United States 
there is no way to prove the diagnosis, and certainly the physicians are not 
willing to wait for the time it takes a serum to make a round trip to and from 
CDC. Someone must make these diagnostic tools available on a country wide 
scale before we can hope to define the incidence of clinical illness in the adult. 
This would be of inestimable value to the ophthalmologist. 

Brooke: CDC is committed to a program of supplying diagnostic reagents to 
state health department laboratories in instances when they are not available 
from commercial sources. Of course, this would have to be for a test or tests which 
are acceptable and have been shown to be of value. 

This sort of proposal that was made here could certainly be done, and it is 
something we have had in mind for the hemagglutination test, and also for the 
fluorescence inhibition test, since it is equally feasible for the latter test. Dr. 
Goldman has stored the Toxoplasma antigen on slides in the deep freeze for 
months; they could easily be shipped to laboratories for the fluorescence inhi- 
bition test. The other reagents can be prepared and sent to the laboratories for 
the performance of either one of these two tests. 

Feldman: 1 would like to say a couple of things with respect to what both Dr. 
Halbert and Dr. Kaufman said. I am rather surprised to hear a generalized 
statement that the hemagglutination test is the most sensitive antibody test we 
know. I think this has to be modified somewhat in terms of the antigen, at least. 
If one deals with polysaccharides, one gets one kind of set-up; if one deals with 
a virus, one gets another; and with protein antigens, you get a third. 

The difficulties of dealing with protein antigens in hemagglutination pro- 
cedures are rather considerable; so I do not think, in general, that this is always 
the best method for detecting antibodies. Actually, what we are searching for is 
something else. I think that what we are looking for, and not saying it, is the 
kind of system that we have available in some other diseases; for example, with 
““flu,”’ as Henle has shown, it is possible to separate out two or more antigens, 
some of which are present during acute disease and some, which were present 
and stimulated antibody production at some time in the past. 

1 think this is our dilemma here. It is not that we need more tests. There are 

* Z. Ovary: Progress in Allergy, 5: 459, 1958. 

7 J. C. Siim: Ann. New York Acad. Sci., 64: 185, 1956. 

tJ. K. A. Beverley et al.: Lancet, (Aug. 23) 379, 1958. 
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enough testing procedures. What we need is a more discriminatory testing system. 
This is why it becomes important to apply all the suggested test methods to 
experimental systems, using as models experimentally inoculated animals. 

If we can find a test system which will separate acute infection from previous 
experience with the same organism, perhaps not the same antigen, then we 
should be able to answer some, or most, of the problems, which bother us on the 
clinical side. 

Secondly, in regard to the standardization of the hemagglutination test, I 
think that it is a mistake to attempt to do this in terms of dye test titers. I 
think that this puts aside one of the elementary rules of immunology. You need 
a reference serum. We use one in our laboratory. When you make up a new 
batch of antigen, you run a grid and standardize the amount of antigen in terms 
of the amount of antibody which it will detect, using the standard reference 
serum. This has nothing to do with dye test titers. You cannot standardize 
apples by comparing them with oranges. If this had been done earlier in the 
development of the hemagglutination test, a great deal of the present confusion 
might have been avoided. It is not too late to do it yet. [ think you should select 
the optimum quantity of antigen in terms of the amount of antibody which it 
will detect, unrelated to any other antibody system. 

In this way, it might be possible, to achieve greater reproducibility from 
laboratory to laboratory than by using the dye test titer, which also may vary 
considerably from one laboratory to the other. 

Kaufman: I agree with you wholeheartedly. One thing that should be noted, 
especially for the hemagglutination test, is that in studying acute infection in 
various species, as Mr. Lunde* has reported, the relationship between the dye 
test and hemagglutination test seems to vary considerably. The relationship 
between acute infection and the appearance and disappearance of antibodies in 
different species may vary. 

Goldman: I wanted to mention something about a patient, that has to do with 
standardization of a test in terms of a dye test titer. 

There is an investigator who has a constant dye test in his laboratory of 
1:1024, and hemagglutination of 1:16,000, I believe, because they set up their 
hemagglutination test in terms of the dye test. However, in our laboratory, his 
serum is 1:64. He, too, has no background of clinical infection. 

I would like to invite you to send your serum to the CDC, buried in a handful 
of any other sera as blanks. We would like to run them, in your particular case 
where you are titering 1:1000 in the dye test, because, in California, they are 
using the washed antigen, which we find gives a higher titer. The significance of 
this in any one laboratory may not be too great, where you know what you are 
dealing with, but in our position, as a reference, as a central diagnostic labora- 
tory, we sometimes get serum with a history that “This patient has a dye test 
titer of 1:16,000 or 1:1000,” and he does not say where it was obtained or how. 

*M. Lunde: Hemagglutination and dye test antibodies in experimental toxoplasmosis 
produced by virulent and avirulent parasite strains. Presented to American Society of 
Parasitology, Pennsylvania State University, August, 1959. 
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nonsensitive when compared with the hemagglutination technique. Returning 
for a moment to Dr. Halbert’s question as to the presence of antigen in the 
aqueous, the passive cutaneous anaphylaxis technique as performed by Dr. 
Ovary* might be a method which would be sensitive enough to show small 
amounts of Toxoplasma antigen in these cases. 

As for Dr. Brooke’s and Dr. Frenkel’s remarks I must say that it is also 
important for the internist to make the diagnosis of toxoplasmosis. With the 
facts published by Dr. iim? and Dr. Beverleyt on adult toxoplasmosis in their 
respective countries, one would expect more interest in this disease in our own 
nation. Some feel that we are working with an organism that is in search of a 
disease. The reason for this is that in most medical centers in the United States 
there is no way to prove the diagnosis, and certainly the physicians are not 
willing to wait for the time it takes a serum to make a round trip to and from 
CDC. Someone must make these diagnostic tools available on a country wide 
scale before we can hope to define the incidence of clinical illness in the adult. 
This would be of inestimable value to the ophthalmologist. 

Brooke: CDC is committed to a program of supplying diagnostic reagents to 
state health department laboratories in instances when they are not available 
from commercial sources. Of course, this would have to be for a test or tests which 
are acceptable and have been shown to be of value. 

This sort of proposal that was made here could certainly be done, and it is 
something we have had in mind for the hemagglutination test, and also for the 
fluorescence inhibition test, since it is equally feasible for the latter test. Dr. 
Goldman has stored the Toxoplasma antigen on slides in the deep freeze for 
months; they could easily be shipped to laboratories for the fluorescence inhi- 
bition test. The other reagents can be prepared and sent to the laboratories for 
the performance of either one of these two tests. 

Feldman: I would like to say a couple of things with respect to what both Dr. 
Halbert and Dr. Kaufman said. I am rather surprised to hear a generalized 
statement that the hemagglutination test is the most sensitive antibody test we 
know. I think this has to be modified somewhat in terms of the antigen, at least. 
If one deals with polysaccharides, one gets one kind of set-up; if one deals with 
a virus, one gets another; and with protein antigens, you get a third. 

The difficulties of dealing with protein antigens in hemagglutination pro- 
cedures are rather considerable; so I do not think, in general, that this is always 
the best method for detecting antibodies. Actually, what we are searching for is 
something else. I think that what we are looking for, and not saying it, is the 
kind of system that we have available in some other diseases; for example, with 
“*flu,”’ as Henle has shown, it is possible to separate out two or more antigens, 
some of which are present during acute disease and some, which were present 
and stimulated antibody production at some time in the past. 

I think this is our dilemma here. It is not that we need more tests. There are 

* Z. Ovary: Progress in Allergy, 5: 459, 1958. 

1 J. C. Siim: Ann. New York Acad. Sci., 64: 185, 1956. 
tJ. K. A. Beverley et al.: Lancet, (Aug. 23) 379, 1958. 
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enough testing procedures. What we need is a more discriminatory testing system. 
This is why it becomes important to apply all the suggested test methods to 
experimental systems, using as models experimentally inoculated animals. 

If we can find a test system which will separate acute infection from previous 
experience with the same organism, perhaps not the same antigen, then we 
should be able to answer some, or most, of the problems, which bother us on the 
clinical side. 

Secondly, in regard to the standardization of the hemagglutination test, I 
think that it is a mistake to attempt to do this in terms of dye test titers. I 
think that this puts aside one of the elementary rules of immunology. You need 
a reference serum. We use one in our laboratory. When you make up a new 
batch of antigen, you run a grid and standardize the amount of antigen in terms 
of the amount of antibody which it will detect, using the standard reference 
serum. This has nothing to do with dye test titers. You cannot standardize 
apples by comparing them with oranges. If this had been done earlier in the 
development of the hemagglutination test, a great deal of the present confusion 
might have been avoided. It is not too late to do it yet. I think you should select 
the optimum quantity of antigen in terms of the amount of antibody which it 
will detect, unrelated to any other antibody system. 

In this way, it might be possible, to achieve greater reproducibility from 
laboratory to laboratory than by using the dye test titer, which also may vary 
considerably from one laboratory to the other. 

Kaufman: I agree with you wholeheartedly. One thing that should be noted, 
especially for the hemagglutination test, is that in studying acute infection in 
various species, as Mr. Lunde* has reported, the relationship between the dye 
test and hemagglutination test seems to vary considerably. The relationship 
between acute infection and the appearance and disappearance of antibodies in 
different species may vary. 

Goldman: I wanted to mention something about a patient, that has to do with 
standardization of a test in terms of a dye test titer. 

There is an investigator who has a constant dye test in his laboratory of 
1:1024, and hemagglutination of 1:16,000, I believe, because they set up their 
hemagglutination test in terms of the dye test. However, in our laboratory, his 
serum is 1:64. He, too, has no background of clinical infection. 

I would like to invite you to send your serum to the CDC, buried in a handful 
of any other sera as blanks. We would like to run them, in your particular case 
where you are titering 1:1000 in the dye test, because, in California, they are 
using the washed antigen, which we find gives a higher titer. The significance of 
this in any one laboratory may not be too great, where you know what you are 
dealing with, but in our position, as a reference, as a central diagnostic labora- 
tory, we sometimes get serum with a history that “This patient has a dye test 
titer of 1:16,000 or 1:1000,” and he does not say where it was obtained or how. 

*M. Lunde: Hemagglutination and dye test antibodies in experimental toxoplasmosis 
produced by virulent and avirulent parasite strains. Presented to American Society of 
Parasitology, Pennsylvania State University, August, 1959. 














S94 SURVEY OF OPHTHALMOLOGY 


When we test it, we get, perhaps, 1:64. Then, the referring physician has a 
difficult time deciding what to believe. 

This aspect of standardization must come at a very early stage in the adoption 
of any test, thus we would have difficulty in deciding how to standardize hemag- 
glutination antigen in what way or against what. 

There is a question I wanted to ask Dr. Feldman concerning the preparation of 
hemagglutination antigen. Do you mean, when you say ‘“‘get to the optimum 
dilution of antigen,” you would detect an optimum dilution of antibody? By 
“optimum dilution of antibody,” do you mean the smallest concentration? In 
other words, do you mean the most sensitive system that you can set up? 

Feldman: That is right. 

Goldman: Dr. Iwagan in our laboratory does that with his helminth antigens 
and it works very well, if you set up your system. In some of his systems, he 
discards anything less than, perhaps, 1:500, for example, as being not related 
to the condition that he is testing. 

Maumenee: Dr. Goldman, just for the practical point of the discussion, for the 
ophthalmologists, do you mean that if an ophthalmologist sends in a blood 
specimen for a dye titer to one laboratory and then to another, the dye titer 
may vary as much as 1:16,000 to 1:64? 

Goldman: That is right. This has happened more than once with known sera 
that have been exchanged between laboratories. 

Kaufman: | think that part of the problem is that Dr. Goldman’s laboratory 
does the dye test in a different way from Dr. Jacobs’ laboratory and many 
other laboratories. We do it exactly the same way as Dr. Jacobs does and when 
sera are tested in both laboratories the results are virtually identical. I believe 
that in California, also, the test is done as we do it and, at least in these three 
laboratories, the results are apparently reproducible. It would seem to be of 
value to make the test as sensitive as possible and this procedure seems the most 
logical to me. 

Goldman: | would say it is not a question of being arbitrary about which test 
to use, but knowing what is being done and interpreting the results accordingly. 
In our laboratory, a titer of 1:1000, to me, would certainly indicate an acute 
disease whereas, in other laboratories, 1: 1000 may be just evidence of an in- 
fection 2 or 3 years ago. 

Feldman: It is not always a question of how you do the test,. because, some 
vears ago, we exchanged some sera with Dr. Beattie and Dr. Beverley. The 
dyes were done by different methods in both laboratories; yet, our titers were 
almost identical. 

I do want to make one other point about hemagglutination. One of the most 
important variables in doing any hemagglutination test is the number of red 
cells used in the test system. It has been said, in the case of some red cell-con- 
taining systems——I was going to speak of the hemolytic system first-—that cells 
of different species give different results in similar systems. As you probably 
know, for many years it was deemed impossible to measure antistreptolysin or 
streptolysin-O when one shifted from human or rabbit cells to sheep cells. 
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We demonstrated, I guess it must be 6 years ago now, that this is not neces- 
sarily a specific species difference, but, rather, that the red cells of sheep have a 
diameter or volume only 60 per cent that of human cells. If you allow for this, 
then you end with similar percentage concentrations of cells which permits 
sheep and human cells to be used interchangeably. 

The same is true of formalinized and nonformalinized human cells. Again, 
we pointed out in the paper that was published 2 years ago on the measurement 
of ‘flu’ antibody with formalinized cells, that with formalinization, there is a 
marked shrinkage of the cells. Therefore, if you want to use a system that con- 
tains 0.5 per cent fresh cells, you cannot substitute 0.5 per cent formalinized 
cells and get the same results. When you increase the number of red cells by, 
let us say, 30, 40 or 50 per cent, you have altered the sensitivity of the test 
system markedly. 

Now, it may be that in the lyophilization of these cells, there may result an 
even greater error, at least in measurable differences in cell volume. Therefore 
one may have to allow for this in a test system which depends upon lyophilized 
cells. 

Kaufman: We have run all of our sera with both fresh and formalinized or 
formalinized and lyophilized erythrocytes and the results have always been the 
same. This may be either because the smallest difference we measure is a 4-fold 
dilution, or because this system is different from the influenza system in its 
properties. At any rate, we find the same results, no matter what we do to our 
cells. 

Feldman: This is not true with ‘“‘flu.”” The other thing with ‘flu,’ also, is that 
you cannot get formalinized cells to precipitate as well as fresh cells unless you 
include some protein in the system. 

Kaufman: We do that. 

Feldman: Interestingly enough, the amount of albumin that one requires is 
minute, but if you exceed this minute amount, in the case of ‘flu’ 0.55 per cent, 
you inhibit the reaction. There is an optimal quantity of protein which is re- 
quired. 

Kaufman: We use 1 per cent normal rabbit serum as a diluent. 

Brooke: Dr. Maumenee, in reference to the question that you raised a few 
minutes ago, I think that most of the ophthalmologists here know that for 2 
years we have performed the dye test in connection with a cooperative study 
with the American Academy of Ophthalmology and Otolaryngology. At the 
end of July, our participation terminated and now the individuals who are 
continuing that study, I understand, are sending their specimens to the South 
Bend Medical Foundation (South Bend, Indiana). We know from exchange of 
sera with them that their titers are generally higher than ours, so, for anyone 
who has used our laboratory in the past and is now using theirs, they can expect 
a higher report. 

About 3 vears ago, we distributed aliquots of 100 sera to 3 other laboratories 
performing the dye test, to Dr. Feldman’s and Dr. Eyles’ and Dr. Jacobs’. They 
were tested by each of these laboratories and by our own. I think that all of us 








896 SURVEY OF OPHTHALMOLOGY 


were pleased with the general agreement in titers among the four laboratories. 
However, there were a few instances of marked differences and one of the lab- 
oratories reported rather consistently higher titers than the others. In view of 
these differences that we know occur, we are starting early in 1961 an evaluation 
or a check service with the state health department laboratories that are cur- 
rently performing some serological procedure for toxoplasmosis. We intend to 
extend this to other laboratories, as they take up one or another of the tests. 
We feel it is very important to enable laboratories to compare results with others 
performing similar services. 

Remington: Since Toxoplasma has been isolated from persons with very low 
dye test titers, as low as 1:16, and from organs other than the eye, this variation 
between CDC and other centers that are performing the dye test is of the utmost 
importance. After all, CDC is the diagnostic center. 

lor a moment, I should like to change to a somewhat different subject. Since 
there are a good number of workers present who do the dye test, and who have 
differences of opinion on how this test should be performed, I think this is an 
opportune time for our differences to be discussed. I am referring to such con- 
troversies as the use of washed or unwashed organisms, inactivation of sera, the 
titer of accessory factor used, etc. It is only through an agreement among those 
who do the test that we will ever be able to compare data from different research 
laboratories. And it is only by such consent and mutual cooperation that we 
may not err in our titer reports. A negative titer in one laboratory must prove 
to be negative in others also—the diagnosis and patient’s welfare are at stake. 
If ophthalmologists are going to send their sera to CDC and receive a report 
of a negative titer, what are they to believe if we send them a titer of 1:16 or 
higher on the very same sera? 

Eyles: My recollection is that there was not much disagreement on positive 
versus negative, but the disagreement came mostly on high titers. 

Feldman: There were some absolute differences, though, too. 

Remington: There were 60 negative reports on sera from one laboratory and 
23 of these sera were reported as positive by at least one other laboratory. 

Goldman: 1 think that every one of the three or four laboratories reported a 
negative titer in the face of much higher positive titers found by the other 
laboratories. Three out of the four did it once. There were others where more 
than 4-fold differences occurred, but not so much negative and positive, as I 
recall. 

Brooke: 1 would have to review data to give you specific answers on those 
questions, but that is essentially right. There were only three where there was a 
marked difference, and, fortunately, there were three different laboratories 
responsible for the negative reports which seemed to be incorrect. There was not 
any one laboratory that was out of line on these three sera. 

As far as washed versus unwashed is concerned, I believe, at that time, Dr. 
Jacobs started the washing procedure, and it was his laboratory which was 
reporting higher titers than the other three laboratories, Eyles’, Feldman’s, and 
ours. 
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Leopold: Did that laboratory ever have a negative, the one that gave the 
higher levels where the others had a positive? 

Brooke: In one instance, this laboratory obtained a negative when the others 
reported it as positive. There were 37 sera which all four laboratories reported 
as negative. 

Halbert: 1 would like to come back to the hemagglutination test. I believe, 
where careful studies have been carried out with soluble antigens either protein 
or polysaccharide, that the hemagglutination test has proved to be far more 
sensitive than any other method in vitro. I think it is very important, however, 
to distinguish clearly between direct viral hemagglutination, and the hemagglu- 
tination of the antigen-coated, tanned red cells, because they are quite different 
systems. Unfortunately, the terminology is the same and it can be very confusing. 


EXPERIMENTAL OCULAR TOXOPLASMOSIS 


J. K. A. BEVERLEY 
Department of Bacteriology, Sheffield University, England 


Experimental ocular infections may be produced by instillation of the causal 
organism into the conjunctival sac, or by inoculation directly into the tissues or 
chambers of the eye, or inoculation elsewhere into the animal with the object 
of obtaining hematogenous spread to the eye. Generalized toxoplasmosis can 
be produced by any of these three ways but the last two are the most suitable 
for causing intraocular infections. 

The nature and severity of the resulting infection will depend on the number 
of organisms, their virulence, whether they are in the proliferative or cyst 
phase, the portal of entry and the host’s resistance. Our work on experimental 
uveitis has been mainly concerned with treatment and, for this, intraocular 
inoculation has been preferred to the hematogenous route because the ratio of 
the dose of organisms to the ocular effect can be more accurately determined. 
The anterior segment was chosen for most of the experiments, partly because 
the chance of serum uveitis was less than if the posterior were used, but mainly 
because clinical assessment would be easier. Rabbits were chosen as the experi- 
mental animal because they are susceptible and because inoculation and subse- 
quent observation is easier than in a smaller animal. 


VIRULENT STRAIN OF TOXOPLASMA IN NONIMMUNE RABBITS 


Organisms killed by rapidly repeated freezing and thawing produce no changes 
in nonimmune animals. Small doses of live organisms (750 extracellular, RH 
strain), when injected into the anterior chamber, produce an iridocyclitis which 
usually commences between 72 and 96 hours after inoculation, while with larger 
doses (20,000 toxoplasmas) the changes start earlier, in 30 to 40 hours. Left 
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Fic. 123. Progress charts of untreated and 4,4’diamino-diphenyisulphone (DDS) treated 
nonimmune rabbits. 
Fig. 124. Progress charts of nonimmune rabbits treated with 4,4’diamino-diphenyl 
sulphone (DDS) from 0 hours and from 48 hours. 
Fic. 125. Progress charts of nonimmune rabbits treated with 4,4’diamino-dipheny] 
sulphone (DDS) and DDS and cortisone. 


untreated the inflammatory process steadily becomes more intense, with exudate 
formation, clouding of the anterior chamber, formation of adhesions, keratitis, 
and sometimes chemosis. The animals die on the eighth or ninth day. 

Chemotherapy with 4,4-diamino-diphenylsulphone (DDS) mitigates these 
changes. The earlier it is given and the less the infecting dose the better the 
result. In mild infections and with early treatment a good functional result can 
be predicted whereas with heavier infections and later treatment the active 
infection may be cured but the eye becomes useless. By cssessing the severity 
of the condition at each examination on a points system the progress can be 
charted in graph form. Figure 123 shows this progress for untreated and treated 
animals after inoculation with 20,000 organisms. Treatment was started immedi- 
ately after inoculation. It did not delay the onset of the iritis which became 
more intense until 96 hours and then improved until about the seventh day when 
a recrudescence occurred. This biphasic response is not unlike that obtained 
with small doses of tubercle bacilli—an initial primary response and a later 
secondary allergic response, only here the two phases are much closer together 
in time. If treatment is withheld for 48 hours, there is still a biphasie response 
but the remission is shorter and less marked (lig. 124). Giving antiphlogistie 
corticosteroids concurrently with DDS abolishes the second phase and minimizes 
the first one (Fig. 125). Figure 126 shows the appearances of untreated, DDS 
treated, and DDS plus steroid treated animals at different stages of the experi- 
ment. 

The assessment of the severity of such an infection on a points system is not 
as exact as measurements of the size of a skin lesion. We repeated these experi- 
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Fic. 126. Eye photographs of untreated, 4,4’diamino-diphenylsulphone (DDS) treated 
and DDS and cortisone treated rabbits at different stages of development 


ments intradermally and obtained the same biphasic response (lig. 127). It is 
possible that the primary response is due to the cytotoxic effect of the living 
toxoplasmas and the second response is a hypersensitivity reaction due to antibody 
(probably locally formed) reacting with antigen, whether live or dead, in the 
neighborhood. Normally, in acute infections of this type, these two phases merge 
into one another, the first not being terminated until the local appearance of 
antibody, which at the same time initiates the second hypersensitivity phase. 
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Fic. 127. Skin and eye reactions to Toxoplasma in nonimmune rabbits treated with 
4,4’diamino-diphenylsulphone (DDS). Upper figure, skin reaction; size in mm?. Lower 
figure, ocular reaction: severity on a points system. 
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Fic. 128. Skin response of rabbits to Streptococcus viridans (after C. H. Andrewes). 
Showing types of curves with secondary reactions when a rabbit was inoculated intra- 
dermally at the same time in four different places with different sized doses of Streptococcus 
V92, as follows: Curve (1) sediment from 5 cc. of blood broth culture. Curve (2) 0.1 ec. of 
blood broth culture. Curve (3) 0.01 ec. of blood broth culture. Curve (4) 0.001 ec. of blood 
broth culture. 


It is only when the first phase is shortened by chemotherapy that the two become 
separated. We have already mentioned that the earlier the treatment was given, 
the greater was the demarcation between them. I would like to mention at this 
point another antigen producing a biphasic intradermal response in rabbits. 
In 1926, C. H. Andrewes' observed this effect with some strains of Streptococcus 
viridans and Figure 128 is reproduced from his paper. 
STRAINS OF LESSER VIRULENCE IN NONIMMUNE RABBITS 

We have a strain of Toxoplasma, isolated from a naturally infected rabbit, 

which rarely produces illness in mice and yet produces abundant (500 to 20,000) 
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Fic. 129. (Left) Iritis in nonimmune rabbit due to low virulence strain of Toxoplasma. 
(Right) Control eye of same rabbit. 


cysts in their brains. These cysts when inoculated into the anterior chamber of 
nonimmune rabbits produce a self-resolving iritis which does not commence 
until 7 to 9 days after inoculation (Fig. 129). We think that this is the equivalent 
of the second phase of the response to virulent strains and that such very feeble 
strains, though antigenic, exert practically no direct cytotoxic effect. C. H. 
Smith’s? findings with a strain of intermediate virulence are relevant. The strain 
was fatal for mice in about a week but was nonfatal to rabbits. By inoculation 
of suitable dilutions of this strain into the posterior chamber he produced a 
combined uveitis which was active from 24 to 96 hours and then quiet until on 
the 8th to LOth day the iritis flared up again and on the 14th day the choroidoreti- 
nitis intensified. Here we have a “natural” biphasic response due to the toxic 
first stage being short and mild as a result of lessened virulence. 

Histological examination showed that edema, fibrinous exudate formation, 
and infiltration with lymphocytes and plasma cells were the principle changes 
in the tissues whether cornea (ligs. 130 and 131), iris (Figs. 132 and 133), ciliary 
body (igs. 134 and 135) or choroid (Fig. 136). Free Toxoplasma were not seen 
but this may have been because no animals were sacrificed in the early stages of 
the experiment. Terminal colonies (lig. 137) were found in the iris and the 
choroid more often than cysts (Fig. 138), though this may be because most of 
the animals were killed before cysts had matured. 


IRITIS IN THE IMMUNE ANIMAL 

The rabbits in these experiments were immunized by intradermal inoculation 
of RH strain Toxoplasma and by giving DDS for a week, 4 months before the 
experiment. One month before the experiment they were given a challenge 
dose intradermally to prove their immunity and for a booster effect. 

In this group, inoculation of killed organisms into the anterior chamber 
provoked an acute iritis within 24 hours which, in untreated animals, cleared 
up in 10 days. Cortisone lessened the severity but did not hasten the time of 
recovery (Fig. 139). 


Living organisms similarly provoked an acute iritis within 24 hours. Without 
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Fic. 130. Normal cornea 
Fic. 131. Keratitis due to Toxoplasma infection 


treatment the condition eventually became inactive but there were permanent 
sequelae. DDS given alone and cortisone given alone both lessened the severity 
of the acute stages; only cortisone prevented the permanent sequelae (Fig. 140). 
No biphasic response was seen and we presume that, because the animals were 
already immune, the hypersensitivity reaction occurred early and was super- 
imposed on the cytotoxie effect. When DDS and cortisone were given together 
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Fic. 132. Normal iris and ciliary body 
Fic. 133. Iritis due to Toxoplasma infection. Fibrinous exudate on both surfaces of the 
iris and adhesion to Decemet’s membrane. 
Fic. 134. Normal ciliary body 


Fic. 135. Cyclitis due to Toxoplasma infection 


there were only transient acute changes and no permanent sequelae. Curiously 
enough, atropine, applied locally, gave just as good a result as the other two 
drugs in combination. The skin response of immune animals is also monophasic 
(ig. 141). 

Cysts of feebly virulent strains introduced into the anterior chamber of an 
immune rabbit did not provoke an iritis. It may be that the cysts failed to 
liberate free forms. It may be that such forms, if liberated, were unable, owing to 
their enfeebled state, to establish themselves in the immune tissues. 

Dr. Frenkel has drawn attention to the likelihood that acute ocular episodes 
may arise as a result of a cyst rupturing and liberating live organisms and 
antigenic material into hypersensitive tissues. Encephalitis supervening on 
chronic Toxoplasma infection in mice may similarly be due to cyst rupture. We 
have been struck by the frequeney with which encephalitis develops in pregnant 
and lactating mice and it is not unreasonable to suppose that this is in some 
way related to the stress of these states. We have, however, often looked at the 
fundi of chronically infected mice, with or without encephalitis, but have not 
vet seen any evidence of uveitis. We are still hoping to see it, for Toxoplasma 
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Fic. 136. Choroiditis due to Toxoplasma infection 
Fic. 137. Terminal colony of Toxoplasma gondii in uveal tract 
Fic. 138. Immature Toxoplasma cyst in section of choroid 


cysts do form in the retina of such mice; we have found as many as 12 in one 
eye Figures 142, 143, and 144 show the variations in size of cysts, presumably 
because of different degree of maturity. The last and largest cyst has been freed 
of retinal tissue to show the contained toxoplasmas more clearly. The number 
of cysts in the eyes are only 0.05 to 1.0 per cent of those in the brain, so the 
chances of a cyst in the eye rupturing are much smaller than of one in the brain. 
Living cysts take up crystal violet supravitally whereas dead ones do not. The 
retina around the cysts appears to be quite undisturbed in fresh preparations 
(lig. 145). Possibly a little mechanical pressure could be exerted on adjoining 
cells causing dysfunction. In sections (Figs. 146, 147, 148, and 149) the cysts 
can be seen in different layers of the retina. Figure 150 illustrates a large cyst 
encroaching upon and distorting the inner and outer nuclear layers. We have 
not found any areas of active inflammatory changes but we have found areas of 
disorganization (Figs. 151, 152, and 153). Whether these are artifacts in our 
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Fic. 139. Progress chart of untreated and cortisone treated immune rabbits inoculated 
with killed antigen. 
Fic. 140. Progress chart of untreated, 4,4’diamino-diphenylsulphone (DDS) treated, 


cortisone treated and DDS and cortisone treated immune rabbits inoculated with living 
toxoplasmas. 
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Fic. 141. Skin and eye reactions of immune rabbit tissues to injection of living toxo- 
plasmas. Upper figure, skin reaction; size in mm?. Lower figure, ocular reaction; severity 
on a points system. Dotted line, nonimmune. 


fixing and sectioning, or the results of past microscopic foci of inflammation and 
subsequent fibrosis is a matter for conjecture. 

Lastly here is a cyst in the retina of a congenitally infected mouse (Fig. 154). 
This mouse was one of the eighth generation of congenital infection. So, while 
accepting the theory that cysts may rupture and produce uveitis, we believe 
that commonly (in mice at least) they remain intact and do little macroscopic 
damage. 

REFERENCES 
1. ANpREwEs, C. H., Derick, C. L., anp Swirt, H. F.: J. Exper. Med., 44: 35, 1926. 
2. Smitu, C. H.: Brit. J. Exper. Path., 37: 248, 1956. 
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Fic. 142. Fresh preparation of mouse retina showing medium sized Toxoplasma cyst 


Fic. 143. A small cyst partly freed from the retina 
Fic. 144. A large cyst freed from the retina and showing the contained toxoplasmas 
Fic. 145. Fresh preparation of cyst in mouse retina. The architecture of the retina ap 
pears to be undisturbed. 


Leopold: In Figure 128, do the streptococeal antigens give a diphasic curve? 

Beverley: Yes. Thank you for bringing that up, because that comes to the 
point, in that we are hazarding that this first phase is due to a direct cytotoxic 
effect of the organisms, and that the second phase is a hypersensitivity mani- 
festation due to the development of antibody, presumably formed locally. In a 
natural system like virulent Toxoplasma, the first phase is not curtailed until 
the appearance of antibody, which at the same time initiates the second phase, 
and the two phases merge into one another. But if you artificially curtail the 
first phase by chemotherapy, then you get a remission between them. With the 
Streptococcus viridans in high doses, you do not get a complete remission. With 
lower doses, you get a complete remission and with the lowest doses there is no 
reappearance. 

Kaufman: I have done some experiments very similar, in a way, to what Dr. 
Beverley has done. 

Hogan: Dr. Beverley, will you give the basis for the point system you used to 
chart ocular inflammation mentioned in your illustrations? 

Beverley: Conjunctival injection—mild, we called a half point, moderate, one 
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Fig. 146. Cyst in ganglion layer 


Fic. 147. Cysts in inner molecular layer 
Fic. 148. Cyst in inner nuclear layer 
Fig. 149. Cyst in outer molecular layer 


point, marked, one and a half points; pupil contraction—mild, a half point, 
moderate, one point, and marked, one and a half; color change in the iris 

slight, a quarter of a point, definite, half a point, and marked, one point; pattern 
of iris—alteration, half a point, loss of detail, one point; exudate on the iris— 
flecks, a quarter point, clumps, half to one, woolly aggregates, one and a half 
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Fic. 150. Large cyst encroaching upon and distorting the inner and outer nuclear layers 
Fic. 151. Focus of disorganization near ganglion layer 
Fic. 152. Focus of disorganization in inner molecular layer 


points; intraocular hemorrhage—one point; chemosis—half to one, turbidity of 
the anterior chamber—half to one point; and keratitis—half to one, depending 
on the severity. 

Kaufman: Dr. Beverley mentioned in his paper that he did not inject organ- 
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Fic. 153. Focus of disorganization in outer nuclear layer 
Fic. 154. Cyst in retina of congenitally infected mouse 


isms into the vitreous and into the retina directly because of the serum reactions 
that occur. That is, when any antigen is injected into the vitreous, an immune 
reaction will take place that causes infiltration of the retina and discharge of 
cells into the vitreous. Dr. Zimmerman presented pictures of this type of reac- 
tion earlier. 

In order to investigate what role this type of allergic process might play in 
recurrent ocular inflammation, I injected into the vitreous Dr. Beverley’s 
cyst-forming strain of Toxoplasma. This strain seemed easy to study and appro- 
priate since many of the organisms isolated from human eyes have been relatively 
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TABLE 23 


The effect of corticosteroids on ocular toxoplasmosis 


Dose of Hydrocortisone Alive Dead Per Cent Dead 


Acutely infected rabbits 


50 mg. twice a day 0 5 100 

25 mg. once a day 0 6 100 

None 12 0 0 
Uninfected rabbits 

50 mg. twice a day 5 | 16.7 

25 mg. once a day 6 0 0 
Chronically infected rabbits 

25 mg. once a day 1 0 0 

TABLE 24 


Histological examination of rabbits with ocular toxoplasmosis 


No. of Eyes with Diffuse 
Rabbits Retinal Infiltration and 
Disorganization 


No. of Eyes with Focal 
Retinal Lesions 


Untreated i) 0 
Treated with hydrocortisone 1 10 


avirulent. These toxoplasmas were in mouse brain and were, therefore, also 
mixed with mouse protein so that the system was not pure. 

When Toxoplasma of the Beverley strain was injected into the vitreous of 
rabbits treated with hydrocortisone, the hydrocortisone treated rabbits all died, 
whereas the uninfected rabbits treated with the same dose generally survived 
(Table 23). There was no question that with acute infection, hydrocortisone 
spread the disease.* 

Multiple histological sections from the eyes of these animals were examined 
without previous knowledge of which animals had been treated and which had 
not been treated. The appearance of these eyes was then graded on the basis of 
whether there were limited focal reactions or whether there was a diffuse infiltra- 
tion and destruction of the retina. The results are summarized in Table 24 and 
suggest that, although with corticosteroid therapy the organisms multiply more 
rapidly or disseminate more readily, killing the animal, the destruction of the 
retina was less. These phenomena are illustrated in Figures 155 and 156and Table 24. 

This may support Dr. Frenkel’s suggestion that cell necrosis caused by the 
organism may, at least sometimes, contribute a relatively small proportion to 
the damage, and the uninfected “innocent bystander” cells may be severely 
damaged by the immune reaction that follows. 

In an attempt to study further some of the antigenic properties of Toxoplasma, 
we investigated another phenomenon. Many workers have reported that after 
inoculation of antigen into the vitreous ocular inflammation develops. Usually 

* H. E. Kaufman: The effect of corticosteroids on experimental ocular toxoplasmosis. 
Am. J. Ophth., 50 (Part IL): 919-925, 1960. 
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Fic. 155. Retina of rabbit infected with Beverley strain toxoplasmas but not treated 
with steroids. There is diffuse infiltration, disorganization and necrosis of the retina and 
choroid. 

Fic. 156. Retina of infected rabbit given corticosteroid therapy. A retinal lesion is 
present but this is foeal and the surrounding tissue is normal. 


the inflammation lasts from the seventh to the twelfth day with nonliving 
antigen, and then the inflammation disappears. If these animals are later chal- 
lenged systemically with the same antigen which had previously been injected 
into the vitreous, the eye will again become inflamed. 
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Fia. 150. Large cyst encroaching upon and distorting the inner and outer nuclear layers 
Fig. 151. Focus of disorganization near ganglion layer 
Fie. 152. Focus of disorganization in inner molecular layer 


points; intraocular hemorrhage—one point; chemosis—half to one, turbidity of 
the anterior chamber—half to one point; and keratitis—half to one, depending 
on the severity. 

Kaufman: Dr. Beverley mentioned in his paper that he did not inject organ- 
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Fig. 153. Focus of disorganization in outer nuclear layer 
Fic. 154. Cyst in retina of congenitally infected mouse 


isms into the vitreous and into the retina directly because of the serum reactions 
that occur. That is, when any antigen is injected into the vitreous, an immune 
reaction will take place that causes infiltration of the retina and discharge of 
cells into the vitreous. Dr. Zimmerman presented pictures of this type of reac- 
tion earlier. 

In order to investigate what role this type of allergic process might play in 
recurrent ocular inflammation, I injected into the vitreous Dr. Beverley’s 
cyst-forming strain of Toxoplasma. This strain seemed easy to study and appro- 
priate since many of the organisms isolated from human eyes have been relatively 
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TABLE 23 
The effect of corticosteroids on ocular toxoplasmosis 





Dose of Hydrocortisone Aliv | Per Cent Dead 


Acutely infected rabbits 
50 mg. twice a day 
25 mg. once a day. 
None 
Uninfected rabbits 
50 mg. twice a day 
25 mg. once a day.. 
Chronically infected rabbits 
25 mg. once a day 


TABLE 24 


Histological examination of rabbits with ocular toxoplasmosis 


No. of Eyes with Diffuse r a —_ 
Rabbits Retinal Infiltration and Neo. 4 Eyes ow didaga 
Disorganization — he, 


Untreated 
Treated with hydrocortisone 


avirulent. These toxoplasmas were in mouse brain and were, therefore, also 
mixed with mouse protein so that the system was not pure. 

When Toxoplasma of the Beverley strain was injected into the vitreous of 
rabbits treated with hydrocortisone, the hydrocortisone treated rabbits all died, 
whereas the uninfected rabbits treated with the same dose generally survived 
(Table 23). There was no question that with acute infection, hydrocortisone 
spread the disease.* 

Multiple histological sections from the eyes of these animals were examined 
without previous knowledge of which animals had been treated and which had 
not been treated. The appearance of these eyes was then graded on the basis of 
whether there were limited focal reactions or whether there was a diffuse infiltra- 
tion and destruction of the retina. The results are summarized in Table 24 and 
suggest that, although with corticosteroid therapy the organisms multiply more 
rapidly or disseminate more readily, killing the animal, the destruction of the 
retina was less. These phenomena are illustrated in Figures 155 and 156 and Table 24. 

This may support Dr. Frenkel’s suggestion that cell necrosis caused by the 
organism may, at least sometimes, contribute a relatively small proportion to 
the damage, and the uninfected “innocent bystander” cells may be severely 
damaged by the immune reaction that follows. 

In an attempt to study further some of the antigenic properties of Toxoplasma, 
we investigated another phenomenon. Many workers have reported that after 
inoculation of antigen into the vitreous ocular inflammation develops. Usually 


*H. E. Kaufman: The effect of corticosteroids on experimental ocular toxoplasmosis. 
Am. J. Ophth., 50 (Part IT): 919-925, 1960. 
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Fic. 155. Retina of rabbit infected with Beverley strain toxoplasmas but not treated 
with steroids. There is diffuse infiltration, disorganization and necrosis of the retina and 
choroid. 

Fia. 156. Retina of infected rabbit given corticosteroid therapy. A retinal lesion is 
present but this is focal and the surrounding tissue is normal. 


the inflammation lasts from the seventh to the twelfth day with nonliving 
antigen, and then the inflammation disappears. If these animals are later chal- 
lenged systemically with the same antigen which had previously been injected 
into the vitreous, the eye will again become inflamed. 
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Most authors report this allergic type of reactivation after systemic challenge 
occurs for 2 or 3 weeks after the initial intravitreal injection, but some report 
that this type of recurrence can take place a long time after the initial injec- 
tion.*' ft The essential factor for such an allergic recurrence seems to be the 
persistence of antigen in the vitreous. We felt that this type of allergic reaction 
might occur after infection by toxoplasmas and that such allergic recurrences 
after an initial infection might well be responsible for recurrences of ocular in- 
flammation. This seemed especially likely since toxoplasmas form cysts and 
dormant colonies and might form a persistent antigenic focus. 

In order to study this, Beverley strain toxoplasmas in mouse brain were 
injected into the vitreous of rabbits (guinea pigs were used at first, but rabbits 
were used in all the later experiments). These rabbits were then challenged at 
varying times after the initial infection. 

Hogan: With what? 

Kaufman: When I challenged them with toxoplasmas I found two types of 
recurrent inflammation. 

Intravenous challenge resulted in an exudative reaction (Fig. 157) that began 
almost immediately after the challenge and shortly disappeared. 

Frenkel: You mean, in the cornea? 

Kaufman: No, this reaction was accompanied by protein in the anterior 
chamber, and dilation of the vessels. Neutrophils are often seen in these vessels. 

When, however, these rabbits are challenged intradermally and intraperi- 
toneally, a very different kind of reaction takes place. It begins some 6 hours 
after the initial challenge and is primarily a cellular reaction (Fig. 158). The 
amount of protein in the anterior chamber varies widely from rabbit to rabbit. 
This reaction is quite severe, reaching its peak generally after about 48 hours 
and persisting for about 5 days. 

This satisfies the temporal criteria of delayed hypersensitivity, but unfortun- 
ately the observed phenomena are all in the anterior chamber. The vitreous is 
opaque, and it is impossible for me to evaluate changes in the retina. 

Siim: What has happened from the serological point of view in these animals? 
I mean, have you followed the antibody formation in blood and eye? 

Kaufman: I have not examined the antibodies in the eye, but often, in the 
case of a challenge, the antibodies in the blood do not change at all. Sometimes, 
they change one 4-fold dilution or so. 

Siim: But what is the titer you obtain after inoculation and how do you get 
seronegative rabbits when you start? Most of our laboratory rabbits have low 
dye test titers. 


* A. M. Silverstein and L. E. Zimmerman: Immunogenic endophthalmitis produced in 
the guinea pig by different pathogenic mechanisms. Am. J. Ophth., 48 (Part II): 435-446, 
1959. 

t L. E. Zimmerman and A. M. Silverstein: Experimental ocular hypersensitivity. Histo- 
pathologic changes observed in rabbits receiving a single injection of antigen into 
the vitreous. Am. J. Ophth., 48 (Part II): 447-461, 1959. 

t B. Foss: Acta path. et microbiol. scandinav., Suppl. 81, 1-128, 1949. 
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Fia. 157. Guinea pig eye infected intravitreally with toxoplasmas and challenged intra- 
venously with dead RH strain organisms 3 months later. There is an exudative reaction 
with no cellular response and this reaction is mild and brief. 


Kaufman: This is the problem. 

Siim: Did you test that before the injection? 

Kaufman: Yes. 

Siim: And they were all negative? 

Kaufman: No. 

Siim: But that is very important. 

Kaufman: Yes, it certainly is very important. Some of my rabbits are negative 
to start. Most of them had low, but positive titers before injection. So far, I 
have been able to detect no difference in the acute or subsequently elicited 
reactions between the initially negative and the low positive titer rabbits. As 
one follows the acute infection, some animals acquire very high antibody titers, 
but others show no elevation of the titer. In all of these animals it has been 
possible for me to reisolate the organisms from the eyes. It is surprising to me 
that the organisms can invade and multiply in the eye and not change the titer, 
but the reisolation of organisms from these eyes seems adequate evidence of 
infection without antibody stimulation. 

Hogan: How many organisms do you give? 

Kaufman: The Beverley strain was administered in a mouse brain suspension. 





SURVEY OF OPHTHALMOLOGY 


Fic. 158. Rabbit infected intravitreally with Toxoplasma and challenged by gavage 
with a mouse brain containing Beverley strain cysts. The reaction shows protein in the 
anterior chamber (this is not a constant finding). More characteristic are the round cells 
in the aqueous and on the corneal endothelium. 

Fic. 159. Histological section through retina during an allergic recurrence of Toxoplasma 
uveitis. Many plasma cells and lymphocytes are seen as well as some eosinophils. 


Each suspension was checked for the presence of cysts, but no attempt was made 
to quantitate the infection. I intend to repeat this with RH and perhaps with 
Beverley organisms from tissue culture or chick embryos. 

Recurrences of ocular inflammation due to toxoplasmosis can occur, therefore, 
on an allergic basis alone. 

Leopold: Did you ever try just to traumatize the eye after you initially sensi- 
tize it, to see if you can get an inflammation that way? 

Kaufman: No, I have not done that. 

Leopold: Just tap the anterior chamber. 

Kaufman: In these challenges, after the initial infections many months 
before, the eye was not touched at all. Since these rabbits are very placid, trauma 
at the time of the uveitis seems very unlikely. A greater problem was ruling out 
the possibility that this might be a reaction to mouse protein, since most of my 
challenges were with mouse peritoneal exudate in animals that had initial 
injections with mouse brain as well as organisms. 

Mouse brain itself does not produce recurrences of uveitis and mouse peritoneal 
exudate obtained by injecting saline and casein does not produce these recur- 
rences. Similarly, when organisms grown in monkey kidney tissue culture are 
used for the challenge, recurrences occur. The recurrences of ocular inflammation, 
therefore, seem to be specifically related to reexposure to the antigens of Toxo- 
plasma. 

With this heterogenous material injected into the vitreous, the eyes are difficult 
to evaluate histologically, but as shown in Figure 159, there are eosinophils, 
lymphocytes and large numbers of plasma cells. This delayed hypersensitivity 
reaction can occur at least a year after the initial infection. 
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Zimmerman: In your Figure 159 there are a lot of plasma cells for a delayed 
reaction, are there not? 

Kaufman: I do not know. 

Hogan: Was this eye removed within 6 hours after challenge? 

Kaufman: No, this was taken out several days after the beginning of the 
reaction, which usually lasts for 5 days. Further studies will be required to 
determine the time course of the histological changes. 

Another experiment was done which is of some interest. Through a stomach 
tube a rabbit was fed brain containing Toxoplasma cysts and developed the 
most severe recurrent uveitis I have yet seen in a rabbit. (Fig. 158.) 

Leopold: When you challenged this animal with brain tissue, you got no 
response? 

Kaufman: We got no response; also when I challenged with peritoneal exudate 
without the organisms, I got no response, but when I challenged with toxo- 
plasmas grown in monkey kidney tissue culture, I did get a response. 

Hogan: You found no organisms or cysts in these eyes? 

Kaufman: When I began with the guinea pigs, I found cysts in all the retinas. 
Sometimes, in the rabbit, I find a cyst or two, and sometimes I do not, but I 
have not carefully examined serial reactions. I have no idea what antigen remain- 
ing in the eye is responsible for this recurrence. It may or may not be from an 
intact or leaking cyst. 

Not all the rabbits develop allergic recurrences of uveitis. In some groups, up 
to 90 per cent of the rabbits develop such a uveitis, but in other groups only a 
small percentage are so affected. I have no explanation for this variability. 

Leopold: That also would happen with other types of uveitis. With egg albumin, 
we do not get 100 per cent response to the challenge. 

Frenkel: Did you challenge with dead organisms or with live organisms? Did 
you find a difference, or find that variation in antigenic mass produced a differ- 
ence? 

Kaufman: These studies at present are incomplete, and I have not investigated 
this in detail. In challenge, dead organisms have always been injected with the 
exception of the gavage experiment, in which a brain containing live encysted 
organisms was used. 

Frenkel: How many dead organisms did you introduce approximately; 

Kaufman: You mean, in the initial? 

Frenkel: No, challenge-wise. 

Kaufman: For challenge, 1 to 1.5 cc. of 3-day mouse RH peritoneal fluid was 
injected intradermally and intraperitoneally. 

Goldman: You mean, undiluted? 

Kaufman: Yes. Undiluted peritoneal exudate was frozen and thawed and then 
tested for infectivity and found to be noninfective. Skin test antigen does not 
evoke this response, but as you pointed out, this may be a quantitative effect. 

Frenkel: Rabbits do not react very vigorously with delayed hypersensitivity 
in the skin. Man, rhesus monkeys and guinea pigs generally develop greater 
degrees of hypersensitivity. 
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Kaufman: Sometimes, I do see skin reactions. We are trying to correlate the 
skin reactivity with the occurrence or recurrence of this severe, prolonged delayed 
hypersensitivity reaction in the eye. Enough experiments have not yet been 
performed. 

Beverley: May I say that I do not think this phenomenon is particularly 
confined to the eye, because we have found that giving a challenge dose intra- 
venously of live organisms or of whole organisms killed by freezing and thawing 
but not of extracts of organisms to immune rabbits kills those rabbits very 
quickly, much more quickly than the same dose kills a nonimmune animal. 
Cortisone without chemotherapy prevents this massive generalized reversed 
allergy. Organisms are readily found in many tissues of immune rabbits after 
they have succumbed to an intravenous challenge of live organisms. 

Wanko: Dr. Kaufman, did you examine the uninoculated eye in the sensitized 
animal after the challenge inoculation? 

Kaufman: No, I did not. I suspect that recurring symptoms seen in some people 
with systemic toxoplasmosis—recurrent aches, pains and malaise—may be due 
tosucha phenomenon. Have you observed patients with such symptoms, Dr. Siim? 

Siim: Yes, I have seen recurrent lymphadenopathy in a woman, but that 
seems to be an exception. 

Frenkel: I think it is worth while again to point out here that these are data 
which are easily observed in some animals, and that they might occur in man. 
However, I think that Dr. Fair is using concentrated amounts of skin test 
antigen, and he observes an occasional fever, local induration and adenopathy, 
but no ocular activation; is that not correct? 

Fair: Yes. 

Frenkel: It is worth emphasizing that something like a Koch phenomenon 
might occur. It is a matter of antigenic stimulus and the degree of hypersensi- 
tivity. But, in man, apparently, we observe minimal generalized reactions, and 
in some of the animals, we see the opposite extreme. 

Kaufman: Most reports support Dr. Fair’s data. It should be mentioned, 
though, that the skin test antigen does not produce these recurrences seen after 
administration of the whole organism. I do not yet know, however, whether the 
whole organism is required or whether an antigenic fraction will produce recurrent 
uveitis. I have seen at least two human cases that became very much worse 
after skin testing. 

Frenkel: Two cases of what? 

Kaufman: Two cases of chorioretinitis that could well be due to toxoplasmosis 
became very much worse after skin testing. 

Frenkel: But were they active? 

Kaufman: Yes, they were active at the start and became worse. 

Remington: The skin test preparation used as an antigen in an agar diffusion 
set-up is a remarkably weak antigen. One might have to lyophylize it in order 
to increase its potency sufficiently for obtaining a positive result. 

Feldman: It does not stimulate production of antibody, whereas dead organisms 
do, so there is a marked difference in that respect. I was going to ask Dr. Halbert 
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that in view of the interest in recent years in antigen-antibody aggregates, 
whether it might be worth while to put some aggregates into these eyes in 
order to see what would happen. Have you tried that? 

Kaufman: No, I have not, but it sounds interesting. 

Feldman: That may very well represent a third-party reaction, so to speak, 
and somewhat unrelated to the first two. 

Halbert: There is no question but that in recent years it has become clear 
that antigen-antibody complexes are handled differently from either alone, and 
may cause reactions on their own. ‘ 

Leopold: Dr. Beverley, did you note any recurrence, a recrudescence, when 
steroid therapy was stopped after a remission? 

Beverley: Not in the immune animals, that is, animals which were initially 
immune, but in those which were initially nonimmune, we had three relapses, 
after 19, 27, and 35 days. Initially the relapse was local, but it soon became 
general and the animals died 4, 5, and 7 days after the onset of the relapse. We 
did not try treating them again during the relapsed stage. 

Eyles: Dr. Kaufman made a statement at the beginning of his talk that most 
of the organisms isolated from eyes have been avirulent. My recollection is that 
the one that Jacobs isolated immediately killed mice in the first passage, and 
the one that Dr. Frenkel inoculated killed mice in the first passage. The only 
other one I know of, or the only other two, are Dr. Hogan’s, and I do not know 
whether they killed mice. 

Hogan: They were of very low virulence. 

Kaufman: Was not the organism in Dr. Wood’s case quite low in virulence, 
Dr. Maumenee? 

Maumenee: Yes. 

Kaufman: And I believe that Pillat’s, also, was of rather low virulence.* In 
addition, most of the organisms isolated from the eyes of congenital cases are 
of low virulence. 

Eyles: The two I recalled were Jacobs’ and Frenkel’s. 

Frenkel: What is the meaning of virulence, really? I get a feeling that some 
people want to make a point, that many of the strains when isolated from this or 
the other source have low virulence. Is there not a whole spectrum? ‘‘Virulence”’ 
is applicable to a given system, like the one that Dr. Beverley mentioned which 
was of low virulence to mice, but probably of high virulence to rabbits, or vice 
versa. The term, “low virulence,” of course, is much better than “avirulence.” 
Dr. Beverley also showed that in mice, when they lactate, or in late pregnancy, 
the mortality can be very considerable. So the host system really has to be 
defined in each instance when one speaks of virulence. Certainly, if an organism 
apparently kills a patient but is of low virulerice to mice, it is kind of semanti- 
cally confusing to speak of ‘‘avirulent.”’ 

Kaufman: Although virulence depends on the susceptibility of the host, it 

* A. Pillat and O. Thalhammer: Herdférmige Iridocyclitis als (einzige) Manifestation 


einer erworbenen Toxoplasmose, ftiologisch gesichert durch Titerkurve und Tierversuch. 
von Graefes Arch. Ophth., 158: 403-15, 1957. 





918 SURVEY OF OPHTHALMOLOGY 


appears that organisms that are relatively avirulent to mice are relatively 
avirulent for most animals and for tissue cultures; and organisms that are very 
virulent for mice are much more virulent for most animals and for tissue culture.* 
There appears to be an intrinsic property of the parasite which determines the 
relative virulence of strains, although the absolute virulence varies from host 
species to host species. 

Frenkel: Well, I think this is conceivable, but I would not like to see such a 
generalization made, since the exceptions are just as important as the rule. 
Since the rule is not logical, and only a rule of thumb, I feel, one should not 
make it. Invariably some people would not be aware of all the factors which need 
to be separated, and they will generalize and use it to “‘prove”’ points. 

Hogan: I have a question I want to ask Dr. Kaufman. Why is he allergic to 
guinea pigs? 

Kaufman: Dr. Hogan asked me this before, and I could not give a completely 
satisfactory answer. With the first few animals examined the reactions seemed 
easier to see in rabbits. Although these reactions occurred in guinea pigs, the 
reactions were very much less marked. 

Hogan: You mean, you cannot use an ophthalmoscope as well on a guinea 
pig as on a rabbit? 

Kaufman: Unfortunately, I cannot use an ophthalmoscope in this system 
because the vitreous is opaque. It is too bad. 

Hogan: In the guinea pig, you get such a nice inflammation that you can see 
it very well with an ophthalmoscope. They do not get this violent inflammation 
that you get with rabbits. You can study the lesions much better. I think you 
could certainly study the recurrences of the disease much better in a guinea 
pig than you could in a rabbit. 

Goldman: You might specify what strain of guinea pigs, Dr. Hogan, because 
we had an experience of putting a virulent strain of amoeba into guinea pigs 
that were so highly refined that nothing happened. 

Hogan: Ours are guinea pig strains that we get from any breeder. We have 
had no trouble in producing the disease in any strain. A very high percentage of 
the animals come down with the disease. We are repeating Dr. Kaufman’s 
experiment with guinea pigs now. I think it is very essential to do this with 
guinea pigs rather than rabbits. Dr. Kaufman, why do you use brain? Why do 
you not use chorioallantoic or peritoneal fluid? Because there were not enough 
organisms? 

Kaufman: Yes. I had trouble obtaining enough organisms. But in rabbits, 
even when an incision was made in the sclera and just a little bit of brain was 
injected under the choroid, the vitreous still became opaque. I have not succeeded 
in seeing the retinal lesion. 

Frenkel: It seems to me that from what Dr. Beverley, Dr. Kaufman and 
probably others have mentioned, that cysts perhaps are a little more stable in 
mice and guinea pigs than in hamsters. I donot know about the stability of cysts 


*H. E. Kaufman, J. 8. Remington, and L. Jacobs: Toxoplasmosis: The nature of viru- 
lence. Am. J. Ophth., 46 (Part II): 255-260, 1958. 
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in rabbits; I am not sure whether it has been studied how often one gets lesions 
in the retinas of rabbits that have been infected subcutaneously and intraperi- 
toneally. 

It seems, for the study of pathogenesis and the spread of infection in the eye, 
an extraocular route of infection may be more revealing. I readily admit that if 
one wishes to study chemotherapy, one would like, of course, to have a high 
percentage of eyes infected to start with. And one would like to have them all 
uniform, to work with easily. This would be where intraocular inoculation may 
be imperative. ‘ 

Perhaps, some people feel that hamsters are unduly hard to handle, and if this 
is so, I would like to mention briefly how they can be handled easily. Just as 
Dr. Kaufman said, you have to know the animals and they have to know you; 
if you handle them occasionally, you do not use forceps. To look into their eyes, 
the thing to do is to examine them after dark, at night, or one can cover up the 
windows and use a shifted dark-light system, which I am utilizing now. When it 
is dark, go into the room leaving the door open just a slit, so you can find the 
cage; open it, pick up the animal—they do not bite in the dark. To emphasize 
the point, I can close my eyes, once I am at the cage, pick up any number of 
hamsters by forcing them into a corner and picking them up by the back of the 
neck, tensing the skin a little. Once hamsters have been in the dark for 2 to 3 
hours, their pupils are dilated and stay so for about 5 minutes, even though one 
shines a strong light in the eye. One need not use atropine. One can very easily 
visualize the fundus with a plus 8 or 10 lens. 

Kaufman: We infected 100 hamsters, as you described, and none developed 
chorioretinitis. After getting bitten we gave up. 

Hogan: I would like to verify Dr. Kaufman’s experience. Our results are the 
same. 

Dunphy: I would like to ask you, in these lesions that you have such ease in 
seeing in the guinea pig, where are they? In the retina? 

Hogan: They are almost always in the lower half of the eye. I always inject the 
organisms behind the semilunar fold into the midvitreous. The chorioretinitis is 
obvious in 10 days, but one can see, with a slit-lamp, cells and flare within 3 or 
4 days in the anterior chamber. The vitreous becomes cloudy, and then the 
obvious signs of acute chorioretinitis appear in the lower half of the eye, because 
I think the organisms settle down to the lower retina and produce their disease. 

Dunphy: Does the fact that the retina is devoid of blood vessels in the guinea 
pig make any difference in your ease of observation, or lessen the reaction? 

Hogan: No, they get very acute disease. 

Fair: I have some pictures I would like to show in connection with a sero- 
logical study of cases of congenital chorioretinitis that will add support to what 
I have to say later in my formal paper. 

Figure 160 shows 157 cases of congenital chorioretinitis, chosen not because 
of their serological reactions but because of the certainty of their congenital 
origin. We made use of a life-long history of poor vision in one or both eyes, 
nystagmus, squint, and so on, in selecting these cases, and tried to be very 
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Age 





yr. 
<1 6 
1-2 6 
2-5 3 
6-10 24 
11-15 29 
16-20 27 
21-25 10 
26-30 12 
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Fie. 160. Age of the patient in 157 cases of congenital chorioretinitis 


honest about ignoring the serological results. This particular figure shows the 
age distribution. As you see, all age groups are represented. Occasionally, we 
see older people with nystagmus and squint and a history of poor vision all 
their lives. They were never able to go to school. I assume, in those cases, that 
they are congenital lesions. There are not many in the less-than-one-year group. 

Eighty-seven per cent of the patients had positive dye tests, and 13 per cent 
had negative dye tests (Fig. 162). 

I thought you might be interested in the dye test titers, and in the skin test 
reactions in the low titers. As shown in Figure 163 some of these cases with low 
dye test titers had positive skin tests. 

Remington: Dr. Fair, is it unusual to find positive dye test titers in 87 per cent 
of a population such as this? 

Fair: It depends on how closely you screen these cases. I will show you later 
on that you have to eliminate all the other things that look like chorioretinitis 
before you obtain a figure this high. 

We were able to study the mother in 119 of these cases (Fig. 164), and found 
that the dye tests were positive in the mother and offspring in 82 per cent of 
the cases and negative in 7 per cent, negative in the patient and positive in the 
mother in 5, and the opposite situation in 6 per cent. 

My question earlier was, how much greater significance can we attach to the 
fact that the mother has a positive test, too? Dr. Feldman said we could only 
say it was positive, but, still, we go to great lengths to find these mothers. In 
some of them, I have to go to other states or write to the county health depart- 
ments to get them. 

The correlation of the skin and dye tests is shown in Figure 164. I found a 94 
per cent correlation. As I said, I use a raw antigen for skin test. 

Evidences of central nervous system involvement in our 157 cases were: con- 
vulsive seizures in 25, calcifications in 21, plus 4 questionable; mental retard- 
ation in 26, with no additional signs of central nervous system involvement in 87 
of the cases. But we made no skull x-rays in 55 cases (Fig. 165). 

Shown in Figure 166 are the results of the electroencephalogram in 43 cases of 
congenital chorioretinitis. 

Leopold: These had x-rays for calcifications? 
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Fig. 161. Results of the dye test for toxoplasmosis in 156 cases of congenital chorio- 


retinitis. 
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Fic. 162. Sabin-Feldman dye test titers in 156 cases of congenital chorioretinitis 
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Fia. 163. Results of the dye test for toxoplasmosis in mother and offspring in 119 cases 
of congenital chorioretinitis. 


Fair: Yes, I am sure they all did. We have 24 normal, and 18 suggestive of 
focal or grand-mal seizures, with one borderline situation. 

Kaufman: I would like to ask Dr. Feldman a question. I am troubled by 
figures reporting titers in just mother and child. Certainly, when one finds an 
individual with a positive dye titer and studies his family, it seems, on a priori 
grounds, that if there is a common source of infection such as meat or an infected 
pet, there would be a high correlation between titers of one member of the family 
and others in the same household. I wonder how we can circumvent this problem 
of establishing whether this is truly congenital transmission from mother to child, 
as opposed to a family-wide infection from some common external source? 

Feldman: I will have to repeat what I said earlier. You are asking a serological 
test to do something for you which it is incapable of doing. It is not a thinking 
being; it is only a mechanical procedure. It does so much for you, and beyond 
that you are on your own. There are isolated instances of familial outbreaks, 
without question. I think we have all seen these, or at least we have seen multiple 
members of a family who appear to have similar serological data. That is one 
situation. It is an unusual one, as a matter of fact. 

In most instances, where you study a young child, and by that I mean a child 
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Fia. 164. Correlation of the skin and dye tests for toxoplasmosis in 131 cases of congenital 
chorioretinitis. Four cases with positive dye tests and doubtful skin tests not included. 
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Fig. 165. Additional signs of central nervous system involvement in 157 cases of 
congenital chorioretinitis (skull x-ray not made in 25 cases). 
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Fic. 166. The electroencephalogram in 43 cases of congenital chorioretinitis 


under 5, it is unlikely that you will encounter very many members of the family 
who have antibodies similar to the mothers, if it is a congenital case. Every time 
you add on another year, you also add on the probability of someone else in the 
family having picked up antibodies by some other means, that is, by infection of 
some other type. Therefore, when you get to the level for example, of some of 
Dr. Fair’s patients who are 50 or 60 years old, there have been many opportuni- 
ties to pick up infection. You could get a rather large number of individuals with 
antibodies as a reflection of the age group. 

Now, there may be, just as there are intrafamilial or intrahousehold outbreaks, 
intrainstitutional outbreaks. This is one of the problems in studying a population 
like this. It is possible that antibodies were picked up by many individuals in the 
institution, because of some common denominator or some common source of in- 
fection in that particular locality. This makes it somewhat important, I think, 
also to study people in the same place; that is, match these people up with other 
inmates who have been in the same institution for the same period of time and 
who do not have the particular clinical problem that is being studied. 

Remington: But, Dr. Feldman, I believe that Dr. Fair’s correlation shows 82 
per cent of the children to have mothers who were also positive. These mothers 
lived in different areas. It is difficult to explain this by chance alone. 
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Kaufman: How old are they? 

Fair: They did not all come from one institution. The largest group came from 
a state institution for the blind. These children were blind from birth or shortly 
after, and had been in state schools for 6 years. 

Feldman: I would not suggest that you study all institutions. Obviously, that 
is too large an order. But where you have an institution with an aggregation of 
cases and you have looked at a reasonable number, let us say 50 or 60 or so, then, 
you might select that institution for further study and look at a control popula- 
tion for that group. I do not think you can or should go to every place and do this. 
We did some studies some time ago at Letchworth Village in New York State, 
which has a tremendous population of about 5,000 children, I guess. 

Feldman: On any given day, there are 500 or 600 Mongols in the Village. We 
studied quite a few children there, blind, and a number of others, but we found 
relatively few with Toxoplasma antibody. Again, this is a reflection of a geo- 
graphic distribution, just as I showed earlier for a normal, ambulatory popula- 
tion. This could be the same for other institutions as well. 

Fair: I did not understand what you meant. In state schools for the blind, at 
least, there is a significant difference in the frequency of positive dye 
tests between children with chorioretinitis and those with other eye diseases. 
Eighty-five per cent of children with chorioretinitis gave positive dye tests 
whereas only 17 per cent of the students with other eye disease gave positive 
tests. These are figures for children in the same institution. 

Feldman: That may be quite unusual, because we have studied similar children 


in our area, and we have not found the same thing in upper New York State; 
there, again, geographic differences show up in normal population data. 


CLINICAL EYE FINDINGS IN CONGENITAL TOXOPLASMOSIS 


Joun R. Farr* 


Division of Ophthalmology, Department of Surgery, 
Medical College of Georgia, Augusta, Georgia 


INTRODUCTION 


Accurate description of the ocular manifestations of systemic infectious dis- 
ease hinges upon the certainty of etiological diagnosis. Where diagnosis is uncer- 
tain or only probable, specificity as to eye findings cannot be claimed. 

Few cases of congenital toxoplasmosis are proved by parasitological methods. 
Those situations which can be studied thoroughly are usually of the most severe 
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variety. We are quite familiar, then, with the ocular changes in fatal infections 
and, supported by serological data, have extended our understanding to include 
those cases which manage to survive an obvious meningoencephalitis. 

It becomes increasingly apparent, however, that the most common form of 
congenital toxoplasmosis is that in which only the eyes are seriously involved. 
Seventeen years ago, Sabin! called attention to instances of congenital toxoplas- 
mosis in which chorioretinitis was the only clinically apparent sign of the infec- 
tion. Hogan? has emphasized the frequency of such occurrences. Today, investi- 
gators interested in the subject will accept as at least probable the diagnosis of 
congenital toxoplasmosis in otherwise normal cases of bilateral central focal chori- 
oretinitis, providing serological tests for toxoplasmosis are positive in mother and 
offspring. 

Greater diagnostic difficulty is encountered in those cases which depart fur- 
ther from the classical concept of congenital toxoplasmosis. I believe personally 
that these represent the most frequent outcome of the disease. Unilateral central 
chorioretinitis, bilateral peripheral chorioretinitis and even unilateral peripheral 
chorioretinitis present since birth are often due to congenital toxoplasmosis. The 
reasons for this belief are not difficult to comprehend. At the same time, sub- 
stantial objections to such a theory must be admitted to exist. 

In support of the idea is the fact that in proved congenital toxoplasmosis the 
chorioretinitis, although usually central, may be peripheral in location. Further- 
more, in an occasional case that meets all the clinical and serological diagnostic 
requirements, only one eye is involved. In theory then, one might very well ex- 
pect to find mild cases without evidence of brain damage and a unilateral chorio- 
retinitis—either central or peripheral. Indeed, if one eye may escape, both may 
escape, rendering the infection completely inapparent from a clinical standpoint. 

There is good serological evidence that toxoplasmosis is responsible for much 
of the congenital chorioretinitis seen so frequently in ophthalmic practice.* Con- 
versely, it is my experience that in most of the cases of chorioretinitis that come 
to our attention, there is good reason to suspect a congenital origin. Such con- 
clusions are drawn from the study of large numbers of patients. Their diagnostic 
worth is not great in the evaluation of the individual case of chorioretinitis. Not 
all chorioretinitis is congenital and not all congenital chorioretinitis is caused by 
toxoplasmosis. Acquired chorioretinitis is well known and it is well established 
that infectious agents other than Toxoplasma are responsible for some cases of 
congenital chorioretinitis. 

Still other factors operate against our ability to make the diagnosis of congeni- 
tal toxoplasmosis in the lesser forms of the disease. The prevalence of past or 
persistent toxoplasmosis in the general population reduces the diagnostic value 
of serological tests in older children and adults. Traumatic chorioretinitis and 
some developmental and degenerative retinal conditions may simulate inflam- 
matory lesions. Opacities in the ocular media, nystagmus and squint often add 
to the difficulty of ophthalmoscopic examination. The lack of an easily performed 
serological test for toxoplasmosis has seriously delayed recognition of the im- 
portance of both the acquired and congenital forms of the disease. 
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Despite these obstacles, it now seems safe to say that: 

1. Congenital toxoplasmosis is much more common than previously supposed. 

2. Chorioretinitis is the most constant feature of the disease. 

3. The most frequent form of the infection is that in which only the eyes are 
involved seriously enough to produce clinical signs. 

4. Much of the bilateral or recurrent chorioretinitis seen in older children and 
adults is congenital in origin and due to toxoplasmosis. 

With these concepts in mind, we may go on to describe the clinical aspects of 


congenital ocular toxoplasmosis, proceeding from what is well known to that 
which is probable or only possible: « 


PROVED CONGENITAL OCULAR TOXOPLASMOSIS 


We may accept as proved those cases in which the parasite is demonstrated 
by either cultural or histopathological methods. Nor should there be any reason 
to doubt the diagnosis in newborn infant children with all the clinical signs of 
the disease plus strongly and persistently positive serological tests for toxoplas- 
mosis. 


In these situations, where diagnosis is certain, the typical ocular lesion is a 


Fic. 167. Bilateral central chorioretinitis of congenital toxoplasmosis. Right and left 
eyes of each of 2 patients (A, B, C, and D). 
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Fic. 168. Chorioretinitis of congenital syphilis. Peripheral distribution of the lesions 
is shown in A. Sparing of the macula is well seen in B. 


Fic. 169. Bilateral central chorioretinitis of congenital toxoplasmosis with additional 
peripheral lesions (A and B). 


focal chorioretinitis involving each macula (lig. 167). Why the central retina is 
so susceptible is not apparent but such localization has a very definite diagnostic 
value. In congenital syphilis, for example, the opposite situation is seen (Fig. 
168). Here the chorioretinitis is peripheral in location and spares the macula. 

The chorioretinitis of congenital toxoplasmosis is deep, destroying large focal 
areas of retina and choroid. Usually, the inflammatory process has subsided by 
the time it is first seen. The sears are large and pigment ringed. In their center, 
the bare sclera shows through. The amount of pigmentation differs from one 
individual to another providing quite an array of interesting variations in the 
picture which is none the less characteristic. 


More often than not, in addition to the central lesion, there may be found 


large or small pigmented scars scattered about the near or far periphery of the 
fundus (lig. 169). Their presence is particularly helpful in differentiating inflam- 











TOXOPLASMOSIS SYMPOSIUM 


Fic. 170. Reeurrent chorioretinitis of congenital toxoplasmosis In .1, the vitreous is so 


iizVv that no fundus details can be made out. In B, the vitreous has cleared enough after 


} weeks to reveal the old sears with recurrence between nerve head and macula 





matory central scars from traumatic or degenerative conditions in older individ- 
uals. For this reason, a thorough search of the periphery should always be made. 
A pigmented disturbance of the central retina in one eye is much more likely to 
be inflammatory in origin if accompanied by even a single peripheral scar in the 
same or opposite eye. 

At birth the chorioretinitis may be healed and the vitreous clear. Activity of 
the inflammation is indicated by haziness of the vitreous which prevents a de- 
tailed view of the fundus (lig. 170). Exudate in the vitreous, of course, means 
chorioretinitis in the newborn or infant child. As the inflammation subsides and 
the vitreous clears, the chorioretinal lesions become visible (lig. 170 B). Often 
the residues of the inflammatory exudate are left floating in the vitreous and 
strands of semitransparent glial or fibrous tissue extend into the vitreous gel 
from their attachments to the pigmented scars or to the nerve head. Dense white 
bands of sear may stretch between the focus of inflammation and the optie disk 
along the route of venous drainage. 

It has been reported that the eye inflammation may not appear for days or 
weeks after birth. I have no reason to doubt this finding but would like to stress 
the importance of the examiner’s interest and ability. Ophthalmoscopy is not 
an easy matter in newborn or very young children. Dilation of the pupils is a 
necessity as is immobilization of the child. Distracting eye movements may be 
slowed or eliminated by a cotton tipped applicator in the hands of an assistant. 
General anesthesia is rarely, if ever, necessary. 

The visual effect of deep, destructive, central chorioretinitis is immediately 
obvious. There is loss of any possibility of good central vision. One eye so affected 
may deviate in or out. Poor central vision, whatever the etiology, is an important 
cause of squint. When each macula is destroyed and neither eye is able to fix 
accurately, the ocular type of nystagmus develops and is noticed by the parents 
a few months after birth. Sharp-eyed grandmothers may suspect the visual defect 
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long before. At any rate, external signs of visual impairment depend upon loss o 
the ability to fixate. If the chorioretinal inflammation does not involve the 
macula or does so in a limited way, central vision may be normal or good enoug! 
to prevent squint or nystagmus. Occasionally, one sees large central chorioretina 
lesions in which enough of the elements of the retina have been preserved t 
permit fair vision. In this connection, the vision in such an eye may deteriorat 
after many years in the absence of any recurrence of the inflammation. It 
probable that in such an eye scarring and shrinkage are continuous over the yea: 
causing progressive damage to the remaining retinal cells and their fibers. 

Recurrence is characteristic of ocular toxoplasmosis. In my experience, this i 
not likely to be seen except in those individuals who survive for at least LO or | 
years. That is, reactivation of the infection is uncommon in very young children 
Fifteen or eighteen years after the original infection, recurrences are common an 
intervals between recurrences thereafter vary from a few months to several years 
I have seen the first recurrence take place as late as 30 years after birth in p: 
tients in whom the congenital origin was certain. 

tenewal of the inflammation always occurs along the edge of a previous focu 
or very close to such a lesion. This is an old observation and from it we may 
deduce that the parasites are not scattered widely throughout the retina waiting 
to resume active growth but instead are localized in the areas of previous inflam 
mation 

tecurrences may be mild in degree and short in duration or so severe and pro 
longed as to cause cataract formation, retinal detachment, secondary glaucom: 
and loss of the eye. It has been suggested that allergy to Toxoplasma or thei 
products may be responsible entirely for the phenomenon of recurrent inflam 
mation. This is not a likely explanation. Hogan‘ has isolated Toxoplasma from 
the eye of a 20-year-old case of known congenital chorioretinitis so we know that 
the parasite can survive for at least that long. No one has ever noted any corre 
lation between recurrence and degree of dermal hypersensitivity to toxoplasmin 
nor have focal reactions following skin testing ever been reported. I use a rathe1 
strong skin test antigen which sometimes produces large local reactions with 
chilly sensations and general malaise, but in testing several hundred cases of 


chorioretinitis I have never seen a focal reaction in an eye. Hypersensitivity may 
play a secondary role in chorioretinal inflammations but probably is never opera 
tive alone. 


Several other well known clinical features of congenital ocular toxoplasmosis 
are worthy of mention. Jn line with pathological findings is the fact that the iris 
shows little or no sign of involvement in the usual case. Chorioretinitis may have 
been widespread and severe without leaving any permanent trace of serious 
iritis. The typical case with healed bilateral central and peripheral chorioretina! 
sears ordinarily shows no synechiae, iris atrophy or corneal changes. Recurrences 
usually manifest some signs of iris inflammation but these resolve as the inflam- 
mation in the posterior segment subsides. Repeated severe attacks may cause 
permanent posterior and peripheral anterior synechiae leading to secondary 
glaucoma. Phthisis or atrophy may follow. 
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Fic. 171. Microphthalmos of congenital toxoplasmosis 


High myopia is noted in many instances of congenital chorioretinitis, no matter 
what the infectious agent. | have never tried to determine whether the near- 
sightedness is axial or curvature in type because the movements of these eyes 
cannot be controlled. Correction of the optical defect with minus lenses may 
improve vision slightly. 

Last, but well known, is the microphthalmos of congenital toxoplasmosis (Tig. 
171). The defect may be mild or marked. The ocular media may be clear enough 
to permit a view of the fundus. Chorioretinitis is always found in this situation. 


Often the cornea is opaque or a cataract present so that the examiner must rely 


on his findings in the opposite eye in making the diagnosis. Microphthalmos 
indicates early and severe infection and is usually attended by signs of brain 
damage such as mental retardation or fits or hydrocephalus. One need not ser- 
iously consider congenital toxoplasmosis in the uncommon case of bilateral 
microphthalmos in which no view of either fundus is obtained and other signs of 
central nervous system disease are lacking. This ocular defect. is developmental 
in nature. Positive serological tests for toxoplasmosis in older children with this 
condition are probably incidental. 

To sum up, in proved congenital toxoplasmosis, the retinal extension of the 
central nervous system is involved in the infection along with the brain. Typi- 
cally, the central retina in each eye is the site of a severe necrotizing inflammation 
which spreads to the underlying choroid. The central lesions are often accom- 
panied by large or small foci of inflammation in the peripheral retina. As healing 
takes place, chorioretinal scars develop which are so characteristic of toxoplas- 
mosis that they serve as an important diagnostic sign. Occasionally, one eye 
escapes the infection entirely or the inflammation may be limited to the periph- 
eral retina in one eye. The more extensive and severe the encephalitis, the more 
likely it is that each eye and each macula will be affected. 

However, it seems that the eyes rarely if ever escape the inflammation com- 
pletely. I have never seen a case of congenital toxoplasmosis without chorioreti- 
nitis and would hesitate very much to make the diagnosis under such cireum- 
stances. Chorioretinitis is the most constant finding. In fact it may be the only 
clinical manifestation of the infection as will be shown in the following discussion 
of the lesser forms of the disease. 
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PROBABLE CONGENITAL OCULAR TOXOPLASMOSIS 


On the basis of experience of the past 20 years, the image of congenital toxo 
plasmosis is beginning to take shape. It is increasingly obvious that prenatal in 
fection by the parasite does not result in a uniform clinical or pathological out 
come. Invasion of the brain and extraneural viscera undoubtedly occurs in every 
instance, but in most the inflammation is something less than that required t 
produce a fatality. All gradations of physical and mental defects occur depending 
upon the extent and severity of involvement of the central nervous system in 
cluding its retinal extension into the eye. Some such pregnancies terminate pre 
maturely but most go to term. In either event, the infant may do poorly fron 
the beginning but many seem well for months until a visual defect is discovered 
In some, mental retardation later may become obvious. In others, convulsions 
may appear even after many years. The one constant finding seems to be chorio 
retinitis, typically bilateral and central. 

With the aid of serological tests, we can trace the effects of congenital toxo- 


plasmosis from the most severe form of the disease through gradually lessening 


degrees of severity until finally we come to those cases in which only the eyes 


are involved. For example, in state schools for mentally retarded children,’ we 
see individuals with bilateral central chorioretinitis and convulsions or chorio- 
retinitis with microcephaly or perhaps intracerebral calcifications. Others may 
have only the typical central chorioretinitis in addition to the intellectual defect. 
Degrees of mental retardation range from the level of high grade moron down 
to complete mental and physical invalidism requiring constant care in bed. Again, 
the common denominator seems to be chorioretinitis. In about 0.5 per cent of 
the inmates of such institutions, a diagnosis of congenital toxoplasmosis can be 
made. This does not mean that congenital toxoplasmosis is an uncommon disease 
but only that its effects are seldom severe enough to cause mental retardation. 

If the typical ocular lesion in congenital toxoplasmosis is bilateral central 
chorioretinitis with poor vision in each eye, we might expect to find such cases 
grouped in state schools for the blind. In a survey of more than 1100 children 
in 5 state schools,® I found that 5 per cent owed their visual impairment to con- 
genital chorioretinitis. All these children were of average intellect or better. In an 
occasional child, other signs of central nervous system involvement were found 
but most were well generally. Their eye disease was exactly the same from a 
clinical standpoint as that seen in proved congenital toxoplasmosis and in the 
cases found in mental institutions already described. 

In these children with only chorioretinitis and no other clinical signs to aid in 
the diagnosis, even greater dependence must be placed upon serological tests. To 
strengthen the diagnostic value of these, testing of the mother’s serum should be 
carried out. In 80 per cent of those children with chorioretinitis in schools for 
the blind whose mothers were available for study, dye tests for toxoplasmosis 
were positive in both mother and offspring. For comparison, only 17 per cent of 
those children with eye diseases other than chorioretinitis gave positive skin tests 
for toxoplasmosis. Dye testing of the entire student body in each school was not 
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feasible. In my hands, there is a favorable correlation between skin and dye tests 
in 94 per cent of all individuals investigated from this standpoint. 

Figures such as these suggest strongly a connection between congenital toxo- 
plasmosis and bilateral central congenital chorioretinitis. They are not of much 
help in evaluating the individual case of congenital chorioretinitis since in 20 per 
cent of such cases, serological tests for toxoplasmosis will be negative in patient 
or maternal parent or both. In these situations, the chorioretinitis is indistin- 
guishable clinically from that seen in proved congenital toxoplasmosis indicating 
that some other infectious agent is capable of producing the same ailment. In 
this connection, I see more infant children with hydrocephalus, convulsions, 
intracerebral calcifications, mental and physical retardation and chorioretinitis 
not due to congenital toxoplasmosis than similar cases in which a diagnosis of 
congenital toxoplasmosis can be made, the only difference being in the results of 
the serological tests. If there is any variation in the clinical picture in these two 
situations it is that the chorioretinitis in cases not due to toxoplasmosis tends 
to be more wide-spread throughout the fundus. The same tendency toward 
localization in the macula seen in congenital toxoplasmosis is not quite so pro- 
nounced in my experience. 

To go on, even 5 per cent of all admissions to state schools for the blind con- 
stitutes a relatively small number of cases. Again, this does not mean that con- 
genital toxoplasmosis is uncommon. It means only that bilateral central chorio- 
retinitis with no signs of brain damage is a more frequent outcome in congenital 
toxoplasmosis than is chorioretinitis with mental retardation and other central 
nervous system signs as seen in state institutions. The ophthalmologist would 
not be nearly so concerned if these severe but infrequent cases were the only 
casualties caused by congenital toxoplasmosis. It is the likelihood that many 
of the cases of chorioretinitis seen in routine office practice are actually examples 
of congenital toxoplasmosis that engages the attention of the oculist. These cases 
are numbered in the tens of thousands. Their frequency and their crippling visual 
and economic effects make them a public health problem of considerable magni- 
tude. If congenital toxoplasmosis accounts for any appreciable portion of the 
chorioretinitis seen by every practitioner of ophthalmology, then its prevention 
becomes a matter of great importance. This is actually the case if any reliance 
can be placed on clinical impression and statistical studies, as I will attempt to 
show in the following section. 


POSSIBLE CONGENITAL OCULAR TOXOPLASMOSIS 


The clinical picture. One of the commonest experiences in ophthalmic practice 
is the discovery of healed chorioretinal scars in one or both eyes on routine ex- 
amination. With the help of summer student fellows I recently examined 1000 
general hospital patients in an attempt to determine the incidence of such a find- 
ing.’ Old scars were found in approximately 114 per cent of the subjects. These 
did not include patients admitted for eye disease. In some, the old chorioretinitis 
was obviously congenital in nature as determined by history. In others, the dura- 














€ 


932 SURVEY OF OPHTHALMOLOGY 


tion could not be told. There were two cases of congenital syphilis. In another 
two cases there was no clue as to cause. The remainder gave positive serological 
tests for toxoplasmosis. All were adults so that the significance of positive skin 
or dye tests is in doubt. The point is that chorioretinitis is a common and often 
disabling eye disease. 

Clinically, these inflammations cannot be told from those seen in congenital 
toxoplasmosis. Some are central in which case there is usually a history of life- 
long poor vision in that eye or a squint which affords a clue as to the time of 
onset. An occasional case will insist that he saw well with the eye in question 
until 20 or 30 years of age when sight gradually failed. Examination shows a 
healed central chorioretinitis which is typically that of congenital toxoplasmosis. 
These patients do not claim loss of vision over a short period of time with blur- 
ring, spots before the eye or external signs of inflammation such as might be 
expected if the lesion represented acquired disease. Instead, they say that vision 
was lost gradually. I feel that the scar in such cases was present since birth and 
that consecutive degeneration brought about the final destruction of the retinal 
elements that remained. These situations are not common and do not affect the 
over-all concept of the problem. 

Some scars are paracentral in location and are brought to our attention only 
when the inflammation recurs and goes on to involve the macula and central 
vision. The presence of the old heavily pigmented scar alongside the fresh lesion 
means, of course, that the inflammation is recurrent. 

Some unilateral central scars may be the only sign of inflammation in either 
eye. One must depend entirely upon history and serological tests in evaluating 
these situations. Special care must be taken to eliminate the possibility of a 
traumatic origin. Often this is impossible since history of eye injury is so com- 
mon. Fortunately for our purposes, in most cases of unilateral central healed 
chorioretinitis, additional scars can be found in the periphery of the same or 
opposite eye to confirm the impression of an inflammatory cause. It is the same 
finding which suggests congenital disease. Bilaterality of involvement, centrality 
of location and a history or recurrence beginning early in life all suggest congeni- 
tal infection. When one sees numerous healed scars in each eye of a patient who 
remembers no visual disturbance at any time in his life, it is no more than logical 
to assume that the eye disease was present at birth or took place at a very early 
age. Still, one sees these cases included in series of ‘‘acquired” chorioretinitis. 

An important clinical aspect is the fact that acquired chorioretinitis rarely in- 
volves the macula. One occasionally sees mention*® of the development of central 
retinal chorioretinitis during the course of acquired systemic toxoplasmosis but 
for all practical purposes, central chorioretinitis means congenital disease. In 
reviewing the case reported by Jacobs, Fair and Bickerton,’ I note that in my 
description of what could be seen through the cataractous lens and hazy vitreous, 
the suggestion of a lesion at the posterior pole was mentioned. I now regard this 
case as one of congenital infection with recurrence over a period of years al- 
though it is impossible to be sure. 

Central chorioretinal scars are common enough but even more frequent is the 
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finding of a peripheral healed lesion in one or both eyes. Here the history is of no 
value in determining duration except that the patient usually remembers no 
disturbance of vision at any time in the past. The effect of central lesions are 
apparent early in life. Peripheral scars are found only on routine examinations 
or in the event that the inflammation recurs. They tend to be multiple, bilateral 
and large in size but a single lesion in one eye is not an unusual finding. Again, 
they resemble the lesions of congenital toxoplasmosis but their connection with 
that disease can only be suspected. In both central and peripheral chorioretinitis 
of this description, serological testing affords important information. 

Serological data. Early attempts to connect toxoplasmosis and chorioretinitis 
succeeded in proving nothing for the reason that cases were not carefully enough 
selected. All sorts of inflammations of the inner eye were lumped together under 
the heading of “uveitis.’”” Many of these had nothing to do with toxoplasmosis 
and only served to discredit the idea that this infection was responsible for cho- 
rioretinitis in older children and adults. It has since been shown that if uveal 
inflammations are properly divided into those of the anterior and posterior seg- 
ments, significant serological differences between the two groups will be found. 
Positive tests for toxoplasmosis are no more frequent in patients with iridocyclitis 
than might be expected in individuals of the same age in the general population. 
In contrast, twice the number of expected positive tests occur in patients with 
chorioretinitis for which no other cause can be found. 

A number of statistical studies have produced figures that coincide. In testing 
over the years, I have found that about 80 per cent of all cases of chorioretinitis 
show serological evidence of past or persistent toxoplasmosis. This does not 
imply that 80 per cent of all chorioretinitis is due to toxoplasmosis and especially 
it does not mean that such cases are congenital in origin. What can be said is 
that the frequency of positive tests is just as high in cases of unilateral or bilateral 
central or peripheral chorioretinitis with no signs of brain damage as it is in those 
cases in which a congenital origin is certain. 


PROBLEMS FOR FUTURE INVESTIGATION 


If congenital toxoplasmosis is anything like the problem it seems to be, its 
prevention is a matter for real concern. Somehow, the true incidence of the dis- 
ease must be determined. Surveys of the adult population yield a certain amount 
of useful information but the significance of serological tests is lost in the older 
age groups. Similar studies must be carried out in children of school age, in well 
babies and in the newborn nursery. There is still a great deal of room for clinical 
research in this field. The laboratory worker has furnished the ophthalmologist 
with some very effective tools for clinical investigation. They should be put to 
better use by the clinician. Cooperation by several clinical researchers should 
produce some worthwhile statistics in short order. It would be interesting to 
know, for example, how much congenital toxoplasmosis occurs in tropical climates 
where infection is acquired much earlier in life by the population. 

Obviously, congenital toxoplasmosis must be prevented since its effects cannot 
be cured. I have been attempting to stimulate antibody formation in humans 
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by the injection of heat-killed organisms with the idea of developing an effective 
vaccine. Vaccination of humans may not be feasible at this time but if it is ever 
shown that the carcasses of meat animals are an important source of acquired 
infection in humans, vaccination of livestock might be considered. Production 
of the infection type of immunity using avirulent strains of the parasite is further 
food for thought. 

I believe that the only reason that congenital toxoplasmosis has not attracted 
widespread interest in the past is the fact that in most cases its effects are limited 
to the eyes. Visual defects are not appreciated by other specialists but at the 
same time the ophthalmologist has not been active enough in the investigation 
of the causes of chorioretinitis. Congenital toxoplasmosis is an opponent worthy 
of the attention of any researcher. Its defeat will require all the conscientious 
effort and ingeniousness we have at our command. 


SUMMARY 


The ocular aspects of congenital toxoplasmosis are outlined. The possibility is 
stressed that much of the bilateral and recurrent chorioretinitis seen in older 
children and adults represents congenital infection. Associated problems worthy 
of investigation are itemized. 
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Brooke: We have some figures on the sera that were submitted last year from 
suspected granulomatous uveitis, I guess, in connection with-the study with 
the Academy. Of 1164 sera that were tested, 63 per cent of them gave a posi- 
tive reaction, undiluted, or above. I believe you had 87 per cent? 

Fair: You do not know that those were all chorioretinitis. Some may have 
been granulomatous iritis. This will change the figure. 

Goldman: How did you sterilize the skin testing antigen? 

Fair: By heating at 56°C. for 1 hour on each of 2 successive days, and then 
testing it in animals and also in artificial media. 
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Halbert: Dr. Feldman, did you say you had studied a fair number of children 
at Letchworth Village for Toxoplasma antibodies and found none? 

Feldman: Very little, as in a “normal” population of the same age group. 

Fair: In what kind of school is this, Dr. Feldman? 

Feldman: This is a state institution for children who are subnormal mentally, 
blind, cerebral palsied, Mongolian idiots, and so on. 

Fair: And how many of them had chorioretinitis? 

Feldman: Relatively few. 

Remington: One other series which would lend support to Dr. Fair’s is Dr. 
Thalhammer’s which was presented in Copenhagen in 1956.* He found a very 
significant percentage of these children with positive dye test titers, and he did 
run normal paired controls. 


*O. Thalhammer: Adult Toxoplasmosis, Munksgaard, Copenhagen, 1960. 


OCULAR TOXOPLASMOSIS IN ADULT PATIENTS* 


MicHAEL J. HoGAn 


Department of Ophthalmology and the Francis I. Proctor Foundation for Research 
in Ophthalmology, University of California School of 
Medicine, San Francisco, California 


The ocular condition which is known as uveitis is not a single entity but results 
from or is associated with a number of diseases. In addition to its multiple 
etiology the cause of the inflammation often is quite different in the anterior 
than in the posterior uvea. It has been shown that positive methylene blue dye 
tests are much more often encountered in posterior than anterior uveitis.!:? Also 
positive dye tests are found in anterior uveitis cases in about the same fre- 
quency as in a “normal” population of the same age group.” 

Most of us have dropped into the habit of considering ocular toxoplasmic in- 
flammations as originating in the uveal tract, whereas they actually commence 
in the retina. Following this, a reactive inflammation occurs in the choroid or 
the infection spreads directly to the uvea. The fact that retinitis and chorio- 
retinitis are due to a multiplicity of agents makes the determination of the 
etiology in individual patients a most difficult diagnostic problem. Also, the 
inaccessibility of the intraocular eye tissues makes it almost impossible to isolate 
microorganisms during acute inflammations. Most uveal inflammations are not 
associated with a systemic infection, and this also makes the diagnosis difficult. 
Little alteration occurs in various serological and skin tests because of the small 
size of the ocular inflammatory process. As a result, they provide little evidence 


* This work was supported by National Institutes of Neurological Diseases and Blind- 
ness, Research Grants No. B-77 and No. B-786. 
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as to the presumptive etiology of the disease. Statistical studies demonstrating 
the greater frequency of positive laboratory tests in patients with chorioretinitis 
as compared with an equivalent group in the “normal” population have been 
used to show that Toxoplasma and other organisms actually are capable of pro- 
ducing intraocular inflammations. These studies show that Toxoplasma is an 
important cause of chorioretinitis; however, the frequency with which this organ- 
ism causes chorioretinitis has not been established. Double blind treatment 
studies have been made with Daraprim, sulfadiazine, and other agents in an 
effort to establish by therapeutic trial the prevalence of toxoplasmic infections. 
Certain of these studies* show that up to 40 per cent of cases of endogenous 
uveitis infections are due to Toxoplasma. 

Some studies based on serological tests show that Toxoplasma may be the 
cause of 25 per cent of cases of retinitis and chorioretinitis.! The ophthalmologist 
who is confronted with an adult patient having unilateral or bilateral retinal or 
chorioretinal inflammation most often decides the disease must be due to some 
infectious agent. The usual procedure is to carry out extensive clinical and lab- 
oratory studies in an effort to detect such diseases as syphilis, tuberculosis, 
sarcoidosis, etc. If these diseases are not present and if the patient has positive 
methylene blue dye and skin tests for toxoplasmosis, and no other etiology can be 
established, the presumptive diagnosis of toxoplasmosis is made. It is difficult to 
know if this is the proper approach to the problem, in view of our ignorance of 
other possible causes of uveal inflammations. Most often, if such a diagnosis is 
established by serological tests and exclusion of other causes, the condition is 
treated with the best available antitoxoplasmic agents. 

The diagnosis of ocular toxoplasmosis at times depends on the development of 
an ocular inflammation during the course of an acute systemic toxoplasmic in- 
fection. At other times, a chorioretinitis occurs in the absence of an acute sys- 
temic disease, and if the inflammation causes eventual enucleation, organisms 
may be isolated from the tissues. Most often, the diagnosis is presumptive and 
is based on the clinical findings, absence of other causes, and positive serological 
tests. A prompt response to antitoxoplasmic drugs also suggests the diagnosis of 
toxoplasmosis. 

Some of the problems involved in the diagnosis of ocular toxoplasmosis can be 
presented best by the use of a few case histories. 


Case I. This patient was reported by us previously. He was a 51-year-old white missionary 
who probably acquired acute toxoplasmosis in Peru in November 1953. Two weeks after 
onset, there developed chorioretinitis in the right eye, and a severe pneumonia. After two 
additional weeks, a chorioretinal inflammation developed in the left eye. 

We first saw him almost 1 year later at which time he was fairly well except for the bi- 
lateral chorioretinitis. The dye test titer at this time was 1:32,768, the complement fixation 
test was positive at dilution of 1:64, and the aqueous humor had a dye test titer of 1:16. 
Examination showed some large areas of subsiding subacute chorioretinitis at the upper 
equator in both eyes. The vitreous of both eyes contained a considerable number of opaci- 
ties. It was not possible at this time to determine whether the original disease was primarily 
in the retina or in the choroid. No definite response occurred during treatment with Dara- 
prim and sulfadiazine. Within 6 months, the ocular inflammation was healed, and vision 
was almost normal. 
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Summary: This very probable acute systemic toxoplasmic infection was associated with 
bilateral chorioretinitis. The inflammation of the eyes occurred early after onset of the 
systemic infection. 

Case II. This case also has been reported by us. A 44-year-old Army officer developed a 
severe acute febrile illness in July, 1951 which lasted approximately 3 weeks. Four months 
following this, there developed blurred vision in the left eye and examination showed an 
acute chorioretinitis. Eventually the eye lesion healed but recurred in February, 1953, and 
January, 1957. 

Examination of the left eye showed old healed chorioretinal scars in the periphery as 
well as a number of areas of subsiding inflammation in the macula and perimacular region. 
Dye test titers on this patient showed a rise from 1:1024 to 1:32,768 between February 1, 
1957, and June 11, 1957. The increasing dye test titer during the course of the acute chorio- 
retinitis in the left eye suggests a diagnosis of toxoplasmosis. 

Summary: It seems likely this patient had an acute toxoplasmic infection, followed in 4 
months by probable spread of organism to the eye. The rising dye test titer between Febru- 
ary and June is strong presumptive evidence that the eye disease was of toxoplasmic origin. 

Case III. A 36-year-old office worker developed severe malaise, fever and headache. It 
was necessary to remain in bed for 3 days. On the 4th day, he was improved but developed 
an acute chorioretinitis in the left eye. He was seen by us 3 weeks after onset of the eye in- 
flammation. The vitreous was quite hazy and there was an acute retinitis in the upper tem- 
poral quadrant near the disk. The dye test titer was 1:16,382, and physical examination was 
negative. The eye inflammation cleared slowly in 3 additional weeks. No definite response 
to sulfadiazine and Daraprim was observed. 

Summary: It seems logical to believe the acute systemic illness and the eye disease were 
of toxoplasmic etiology. The high dye test titer at 3 weeks after the illness provides the 
presumptive evidence. Unfortunately most cases of chorioretinitis of presumed toxoplasmic 
etiology are not associated with a systemic infection. 


Other reports have been made of the occurrence of acute chorioretinitis in pa- 
tients with acute systemic toxoplasmosis. The first of these was that of Wising* 
who found chorioretinitis in a 31-year-old woman suffering from systemic toxo- 
plasmosis, and Siim® observed approximately 1 case of chorioretinitis per 100 
cases of the lymphadenopathic form of systemic toxoplasmosis in children. 

The diagnosis of ocular toxoplasmosis must be presumptive in cases where 
organisms actually are not isolated from body fluids or tissues. The clinical find- 
ings plus the strongly positive serological tests are suggestive, especially if there 
is no other cause for the disease in these patients. 

A considerable number of cases have been observed in which Toxoplasma 
either has been identified in the eye and other tissues or has been isolated or 
demonstrated in the cerebrospinal or subretinal fluids. Straub* enucleated the 
glaucomatous eye of a 28-year-old male who had bilateral chorioretinitis. Micro- 
scopic examination showed organisms resembling Toxoplasma in the ciliary 
body. Prick and Prick-Hoefnagels’ studied the eye of a 20-year-old man who 
developed a pan-uveitis and later died of meningitis. Microscopic examination 
showed parasites resembling Toxoplasma. Wilder® found organisms resembling 
Toxoplasma in 52 human eyes which most often were enucleated following ocular 
inflammation. Robinson® observed a chorioretinitis in a 9-year-old girl with a 
severe meningitis. Toxoplasma was recovered from the cerebrospinal fluid in 
this patient on three successive occasions. Franke and Horst!® observed edema, 
macular inflammation and vitreous exudation to develop in one eye of a man 
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with pulmonary congestion and meningeal inflammation. Two months later, the 
patient died. Toxoplasma was observed in the cerebrospinal fluid. Habegger" 
recovered Toxoplasma in cultures from the subretinal fluid of a 45-year-old 
woman with an intraocular inflammation and retinal detachment. The organisms 
also were demonstrated microscopically in the fluid. 

Proof that a given chorioretinitis is due to Toxoplasma can be made only by 
isolation of organism from the eye tissue. Unfortunately this is rarely possible 
because such eyes are not often enucleated. 

The first isolation of Toxoplasma from a human eye was that of Jacobs, Fair 
and Bickerton.” The patient was a 30-year-old white male Army sergeant who 
was first studied at Walter Reed Army Hospital in December 1953. Approxi- 
mately 814 years prior to enucleation of his diseased left eye, there developed 
hazy vision. A diagnosis of chorioretinitis was made, and his vision slowly im- 
proved on treatment. Recurrence of the disease 5 years before enucleation finally 
led to marked loss of vision. 

In September 1953, the inflammation again recurred Fundus examination 
showed a large number of vitreous opacities. There wer’e two areas of chorio- 
retinitis, one in the macular region, the other nasal to the disk. The right eye 
was entirely normal. Vision finally became reduced to light perception and 
examination showed mutton fat keratitis punctata over lower half of the cornea, 
a marked iridocyclitis, occlusion of the pupil, and a dense posterior subcapsular 
cataract which prevented examination of the fundus. The methylene blue dye 
test titer was 1:64. The eye was enucleated in January 1954, and was opened 
under sterile conditions. The retina was found to be completely detached. Toxo- 
plasma was isolated from the chorioretinal tissues in this eye. Microscopic exami- 
nation showed pseudocysts in the retinal tissue and an occasional one in the 
adjacent choroid. This case provided the first proof that it is possible to have an 
ocular toxoplasmic infection without a strongly positive methylene blue dye test. 
It was interesting that following enucleation, weekly methylene blue dye test 
titers showed variations between 1:4096 and 1:128. 

Very little information can be obtained from this case report as to the initial 
manifestations of the disease in the posterior portion of the eye. It does, however, 
show that the inflammation eventually leads to severe retinal damage. The re- 
currences of the disease in this case are interesting and may be explained by the 
rupture of cysts. 

A second isolation was made by us" from the eye of a 20-year-old patient who 
had congenital toxoplasmosis and bilateral chorioretinal scars. We were able to 
follow this patient after a recurrence in one eye at the age of 12 years. The re- 
currence was adjacent to an old scar, and was in the form of a severe destructive 
retinitis involving almost the entire temporal fundus. 

The reported cases of acute chorioretinitis in patients with systemic toxoplas- 
mosis, of isolation of Toxoplasma from enucleated eyes with chorioretinitis 
which had been seen clinically, and observations of Toxoplasma in sections of 
eyes enucleated for various reasons, make it possible to reconstruct the most 
common types of toxoplasmic eye disease which occur. The following grouping 
may be made: 
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TaBLr 25 
Findings in 1000 cases surveyed 





Finding No. of Cases 





Anterior (494 cases) 

Iridocyclitis. . 

Cyclitis. . 78 
Posterior 

Chorioretinitis. . os 
Generalized 25 
Miscellaneous.......... 154 





| REE eet .| 1000 





1. Acute retinitis associated with or following a systemic illness. The illness may 
resemble any acute febrile disease and most often the etiology is not determined. 
At times it is characterized by lymphadenopathy, especially in children.' The 
retinitis usually is unilateral and is a single large lesion most often located at the 
posterior or equatorial portion. The vitreous contains a large amount of exudate, 
and the anterior eye shows some reactive inflammation. After 2 to 3 months, 
the inflammation subsides, leaving a pale, flat, or elevated chorioretinal scar. 
Recurrences of inflammation near an edge of such scars are common. The dye test 
titer most often is high in such cases, usually at 1:8192 to 1:32,764. 

2. Acute retinitis not associated with a systemic toxoplasmic infection. The 
clinical eye findings are the same as type 1 and the course and healing also are 
the same. The dye test titer rarely is high, usually being found at 1:16 to 1: 1024. 
Recurrences also are common. The diagnosis is very presumptive in any one case 
of this type which is seen. That such toxoplasmic inflammations do occur, how- 
ever, is borne out by isolation of organisms (12, 13), and microscopic identifica- 
tion of organisms resembling Toxoplasma in the chorioretinal tissues. 

3. This type suddenly may develop from type 2 or may appear spontaneously. 
All the manifestations of a severe endophthalmitis are present. The retinal in- 
flammation has a slow onset, and spreads progressively to involve most of the 
contents of the eye. Eventually glaucoma, cataract and hemorrhage occur. The 
eye usually is removed because of pain. The dye test usually is positive at a 
titer of 1:16 to 1:1024, but rarely is higher. 

This subdivision of adult human toxoplasmic infections admittedly is based 
partly on circumstantial evidence. Nevertheless it has the virtue of requiring 
one to keep in mind the difficulties in diagnosis. 

To emphasize a number of aspects of the diagnosis of ocular toxoplasmosis, 
I reviewed the records of 1000 uveitis survey patients. These patients were sur- 
veyed in the years 1956 to 1960. 

Table 25 shows the distribution of cases as far as location in the uveal tract 
is concerned. The 154 miscellaneous cases had optic neuritis, retinal vasculitis, 
central serous retinopathy, etc., and simply are a by-product of the survey. 

The 327 cases of chorioretinitis were evaluated to determine if the etiology 
had been established, and the results are presented in Table 26. Over half the 
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TABLE 26 
Findings in 327 cases of chorioretinitis 








remem eeees Oe SLU AE NO 6 inci cca vccacnccosacacacavecs 181 (58%) 
Negative dye test............ [Aiesdseuaar asin dees one deseo) 146 
0 SRP ee Aaa a ee cil ha on Sana Te Sa 2 
PINS 1 a hitcicaces tea eceeaeaees Fang aici setts ai aan aia ates 3 
NN is i De cae Re cawe Rees Stace hahaha eaten aa 1 
Unknown etiology.............. 5 lpraabaiaie ene capita quien wert | 140 
TABLE 27 


Dye test titers in 181 cases of chorioretinitis 








Titer | No. of Cases 
| 
1:16 45 
1:64 | 61 
1:128 | 4 
1:256 42 
1:512 | 3 
1:1024 16 
1:4096 | 3 
1:8192 | 2 
1:16,382 | 2 
1:32,764 3 





cases had a positive dye test titer at 1:16 or greater. Of the 181 cases with posi- 
tive dye tests, we could find no other cause for the chorioretinitis. The same can 
be said for 134 cases with negative titers. In 6 cases an entity or specific diagnosis 
could be made. The brucellosis case affected the disk and adjacent retina. 

The dye test titers in the 181 cases of chorioretinitis are shown in Table 27. 
It can be seen that 80 per cent are positive at a titer of 1:256 or lower. Therefore, 
if the disease in all the cases with positive dye tests is of toxoplasmic origin, the 
dye test titer almost always is positive in low titer. The cases with higher titers 
most often had a history of a recent febrile illness, or in several instances were 
examples of a late exacerbation of congenital toxoplasmosis. We have found 
that cases of this type often develop very high titers following the ocular recur- 
rences. 

The sex and age distribution in the dye test positive chorioretinitis group is 
seen in Table 28, and shows the sexes to be equally affected. The age distribution 
is about that which one finds for any group of patients with uveitis. 

The character of the lesions and eyes affected is shown in Table 29. It can be 
seen that unilateral (122) lesions are more common than bilateral (58), and that 
they more often are large to medium sized and single. The preponderance of 
unilateral lesions is not surprising because of the chance occurrence of retinitis 
in systemic toxoplasmic infections. The chances are even less that both eyes 
would be affected. 

The location of the lesions in the eyes is shown in Table 30. Equatorial and 
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TABLE 28 
181 Chorioretinitis cases with positive dye test titer 





! 


Sex 
Male 94 
Female | 87 
181 

Age (Years) | 
<10 | 3 
10-19 | 26 
20-29 46 
30-39 | 56 
40-49 25 
50-59 21 
60-69 | 4 
181 





TABLE 29 
Clinical findings in 181 dye test positive chorioretinitis cases 




















| 
Unilateral Bilateral 
Size of Chorioretinal Lesion | 

| Single Multiple Single Multiple 
Large. . pare wearers 32 15 5 5 
Medium iibrat waste rice canals 24 16 12 | 9 
Small.... ee eee ee | 5 13 1 10 
Large and small.........} 17 5 12 

TABLE 30 
Site of chorioretinal lesion, 181 dye test positive cases* 
Site | No. of Cases 





NIN oc .5 iu. 5k np are os no beg mad bs bec eae aloa ea eee | 4 
Macular ee eae mci i lo ic GCI ona a Sen te a inn | 58 
Equatorial Ee Se eT EC Tee ee Utes nr Us ME BL» 36 
Te eT ET Pe a ae rete EER eran T= | 61 
PE OE IR 5 i605 5 sits ech Daseaee ew be nesinoese anes 19 





* Position not definitely determined in 3 cases. 


peripheral lesions account for half the lesions, and macular involvement was 
observed in 20 per cent of cases. 

The severe necrotizing retinal lesions produce such an intraocular inflam- 
matory reaction that the anterior eye most often shows a reactive inflammation 
(Table 31). The findings occasionally suggest a granulomatous inflammation 
(17 cases) but most often show nongranulomatous inflammatory changes (89 
vases). Forty per cent of cases show no iridocyclitis. 
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TABLE 31 


Anterior eye findings in 181 chorioretinitis cases with positive dye tests 





Findings No. of Cases 





Mutton-fat keratitis punctata; cells; flare 
White keratitis punctata; cells; flare.... 
No inflammation 
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Leopold: How was the malaria in Case I treated? 

Hogan: He was given chloroquine, which did not alter the sequence of events. 
In February 1954, he had a viral pneumonia, was severely ill, and finally had to 
be removed from his local area. He eventually returned to the United States. 

Leopold: 1 wanted to know what you thought about chloroquine. 

Hogan: Well, I do not believe this really helped him. 

Leopold: How about its effect on the chorioretinitis? Have you used it on any- 
body else, and have you noticed any effect? 

Hogan: No. We have tried it, without any improvement, on a number of pa- 
tients. Table 25 shows the general findings in 100 surveyed eye cases. 

Leopold: In that group of 25 with the generalized uveitis, could they be those 
with chorioretinal lesions and mutton fat keratitis punctata? 





TOXOPLASMOSIS SYMPOSIUM 943 


Hogan: No, some of these people had negative or very low dye test titers, with 
toxoplasmic infections, but most of them fell into the group of syphilitic uveitis, 
Boeck’s sarcoidosis, Vogt-Koyanagi-Harada’s syndrome, Behcet’s disease, 
sympathetic ophthalmia, ete. 

Frenkel: What were the miscellaneous ones (in Table 25) if they were not 
uveitis? 

Hogan: They were examples of optic neuritis, scleritis, macular degenerations, 
senile disciform degeneration with hemorrhage, a condition called central serous 
retinitis, which is of unknown etiology and probably not inflammatory, and 
retinitis pigmentosa. 

Table 26 shows the findings in 327 cases of chorioretinitis, and just for the 
purpose of this study, I have arbitrarily separated the dye test positive from 
the dye test negative group (Table 27). 

Kaufman: In our NIH study,* we found a similar distribution, but when we 
studied the age of onset of uveitis in patients with Toxoplasma antibodies we 
found that a large proportion had developed their uveitis before 20 years of age. 

Hogan: Yes, we are getting all this on IBM cards now, and that is true. Tables 
29 and 30 show the clinical types of lesions that are found, and I think this is 
interesting from Harry Feldman’s standpoint. It will probably make him even 
unhappier than he was earlier in this meeting. 

Zimmerman: Does “‘peripheral’’ include pars plana? 

Hogan: It goes from the equator forward to the ora serrata, as far as we can 
see. 

Braley: With the indirect ophthalmoscope and scleral depression? 

Hogan: No, a lot of these were surveyed before I became very skillful with the 
indirect ophthalmoscope. Most of them were examined with the giant ophthalmo- 
scope, which, I think, is as good as the indirect for toxoplasmic infections, be- 
cause if a patient has an active lesion, there is usually no trouble in finding them. 
I have classified as “‘peripheral” those lesions which were seen in the retina with 
the giant ophthalmoscope. With this instrument one sees just about to the equa- 
torial region of the fundus. Therefore, none of these lesions actually involved 
the extreme periphery of the fundus, and they can be classified as fairly typical 
examples of chorioretinitis. The fact that positive dye test titers were encoun- 
tered twice as often in this group as in the iridocyclitis group, suggests that a 
certain percentage of the cases are due to toxoplasmosis, but I do not believe 
that one can draw any conclusions as to the exact number. Table 31 shows the 
anterior segment findings in the group of patients with chorioretinitis. At times 
the inflammation was characterized by the presence of inflammation with white 
keratitis punctata and at other times the keratitis punctata was of the mutton 
fat variety. Now I feel I should discuss something with regard to the results of 
treatment of these cases with sulfonamides and pyrimethamine. 

We have treated 39 chorioretinitis cases with positive dye tests with Daraprim 

*H. E. Kaufman: Uveitis accompanied by a positive Toxoplasma dye test. A. M. A. 
Arch. Ophth., 63: 767-773, 1960. 
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and sulfadiazine during the past 5 years. None of these cases was given cortico- 
steroid or other therapy during treatment with these two drugs. They were all 
acute cases, and no other etiology could be found for the chorioretinitis. 

Twenty-three cases were treated with 50 to 75 mg. of Daraprim and 2 gm. 
of sulfadiazine per day for 2 weeks, followed by 25 mg. of Daraprim alone for 2 
to 4 months. There was an immediate response (improvement within 4 to 7 days) 
in 4 cases, and no improvement in 14. Five of the cases had questionable improve- 
ment. Six of the cases showed healing in 1 month and 17 in 2 to 4 months. Our 
experience with similar cases shows that this is the expected response with other 
types of chorioretinal inflammation, although it must be admitted this is not a 
very well controlled study. As a result of this study, one could estimate that 
about 16 per cent of cases had toxoplasmic infections, and the lower figure that 
is reported in the next paragraph might be the result of inadequate therapy. 

Sixteen cases were given 150 mg. of Daraprim and 4 gm. of sulfadiazine for 7 
to 14 days, followed by 25 mg. of Daraprim for 6 months. Immediate improve- 
ment (beginning subsidence within 4 to 7 days) occurred in 5, and no improve- 
ment occurred in 11 cases. Healing was imminent in 2 of these cases at 1 month 
and within 2 to 4 months in 14 cases. One could estimate from this study that 30 
per cent of the treated cases had a toxoplasmic infection, a figure not too remote 
from those of other observers. 

Siim: Were there any toxic side effects? 

Hogan: Yes, we had a fair number, but by coaxing and cajoling we were often 
able to get them to continue. The ones that we were not able to continue have 
been omitted. These cases are those who actually continued the treatment. In 2, 
there was definite evidence of healing by 1 month; and in 14, healing in 2 to 4 
months. 

These results, therefore, are not very different from those obtained by therapy 
with ordinary methods. Again, we cannot draw conclusions about any of these 
cases being toxoplasmic infections. They simply are chorioretinitis cases which 
have positive dye tests. We could not find any other cause for the disease. There- 
fore, if this treatment failed, it does not mean that Daraprim and sulfadiazine 
are not specific for ocular toxoplasmosis; it means that the therapy did not help 
these cases. 

Maumenee: How many cases did you find that had a posterior retinitis where 
you could not find any signs for toxoplasmosis? 

Hogan: Almost none. I listed the few cases where we did have a diagnosis: 
1 case of brucellosis and 2 cases of syphilitic chorioretinitis. But almost never 
can one find another cause for the disease. I do not have the slightest idea what 
the frequency of toxoplasmic infections is among chorioretinitis cases. 

Zimmerman: Judging from your dye test results, you would say, then, that 
about a quarter of your posterior segment cases are due to toxoplasmosis? 

Hogan: 1 am afraid I cannot guess. 

Frenkel: How about the 58 per cent that you had in Table 26? This is the 
datum, and you have to have some sort of opinion. Does it mean anything, or 
is it meaningless? 
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Hogan: It does not mean anything to me. 

Frenkel: Why not? Why do you feel it does not mean anything? 

Hogan: How can I say anything about it? 

Frenkel: What is your control group incidence? Subtract controls, and what 
you have above the control is meaningful, perhaps. 

Hogan: The so-called control groups had eye diseases, and are not acceptable, 
I believe, as real controls. The iridocyclitis and “‘control’’ groups had positive 
dye tests in a frequency of 22 per cent, whereas the chorioretinitis group was 
positive in a frequency of 48 per cent. 

Zimmerman: Which would mean about a quarter would be due to Toxo- 
plasma? 

Hogan: If you think that means anything, yes, but it does not to me. 

Zimmerman: Using those results, if you expected about a quarter, you might 
expect, maybe, that the clinical appearance of one quarter of the cases might be 
different from the other three quarters. 

Hogan: But they are not. This is why I went back and surveyed them. By the 
time most cases are seen, you cannot tell what the early appearance might have 
been. It is difficult to tell whether the inflammation started in the retina or the 
choroid. I think there is no question in the congenital cases about the presence 
of retinal disease. A fair number of adult cases have been seen by us in which it 
seems certain the disease started in the retina. Most all have low dye test titers. 
It is on the basis of dye test titers, or on the basis of a higher proportion of posi- 
tive dye test titers in this group as compared to the iridocyclitis cases or con- 
trols, that the diagnosis has been made. I can say that I would be willing to state 
that a certain number of chorioretinitis cases have a toxoplasmic infection, but 
just how many, I do not know. Why try to state a percentage? 

Zimmerman: When you see the lesion, you would not be in a position to bet 
on which cases would have a positive dye test and which ones would not? 

Hogan: Not as yet; we have not followed them long enough to be sure. 

Leopold: You had four people in the first group of 23 who had a prompt re- 
sponse, and you had 5 in the second group of 16 who had a prompt response. 
In either of these two groups of favorable individuals, did any of them show re- 
currence? 

Hogan: No, we have not followed them long enough to see recurrences. 

Leopold: In no instances did you use any steroids? 

Hogan: Not in this particular group. We have treated some cases with steroids, 
but they were excluded from this series. 

Kaufman: As Dr. Hogan mentioned, I recently surveyed a number of uveitis 
patients at the National Institutes of Health. Our results are probably identical, 
but difficulty remains in the interpretation of these results. 

We found, for example, that, in more than 50 per cent of our patients treated 
with Daraprim and sulfadiazine, uveitis disappeared after this treatment, but 
the significance of this is not certain. When improvement occurred in these pa- 
tients, whatever its cause, this improvement did not begin until 10 days to 2 
weeks after the initiation of therapy. This is a slow response by the criteria that 
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Dr. Hogan mentioned, especially when compared to what is seen after steroid 
therapy. 

We conceive of toxoplasmic infection of the retina as resulting in a cesspool 
of organism antigen and necrotic cells that prolong the inflammatory response. 
Clinical evaluation is further complicated by cells in the vitreous which take 
considerable time to disappear. In all, a hypersensitivity system is present that 
tends to perpetuate itself for some time after the organisms are dead. 

We were not surprised by the fact, therefore, that a drug which kills the or- 
ganism does not instantly stop the inflammation. After the beginning of therapy, 
signs of inflammation in our patients appeared to continue for at least 2 weeks 
relatively unchanged, and then slowly began to improve with gradual clearing 
of the debris from the vitreous. 

Whether or not this clinical appraisal is correct, we cannot be sure. There is 
no way to tell with any certainty from our study whether Daraprim and sulfa 
caused the improvement or whether the healing that we observed after therapy 
might have occurred without therapy. 

Dr. Hogan mentioned Mr. Perkins’ series, and, despite its general excellence, 
certain criticism is justified.* I think we would all agree that another study should 
be done in which individual prejudices cannot influence the interpretation, and 
in which patients can be studied in detail for several months. 

Maumenee: May I add just one thing to what you have said? A patient who 
has a contusion injury of the eye and has macular edema and hemorrhages in 
the retina, very frequently takes from 10 days to 2 weeks for this edema and 
hemorrhage to clear. When you have a patient with a postoperative infection, 
with a pyogenic organism, and vitreous opacity, and you put that patient on 
large doses of antibiotics, you frequently do not see a dramatic response in 72 
hours. It sometimes takes 5 or 6 days before you can get a really marked im- 
provement when you know that the responsible organism is sensitive to the drug. 

On the other hand, if an infection such as toxoplasmosis, does not improve 
more rapidly under therapy than without therapy then it is going to be very 
difficult to evaluate any type of therapy. 

Kaufman: I agree. 

Feldman: I would not agree. I do not think that one should expect at any point 
in time, that he knows so much about a particular problem or can define the 
variables so well that he can organize the definitive experiment at that point. 

I think that what both of you have shown is that the response to the drug 
may be slow, or, perhaps, there is a spontaneous response in patients on therapy. 
This means that the next therapeutic experiment has to be set up in such a way 
as to permit these to be ascertained; in other words, the controls in a double 
blind trial should include a group who will receive no specific therapy for, let us 
say, 21 days; then you can reverse the therapeutic measures. If that group does 
nothing and the treated group does something in 21 days, then I think we have 
something very definite. 

*E. S. Perkins, C. H. Smith, and P. B. Schofield: Treatment of uveitis with pyrimeth- 
amine (Daraprim). Brit. J. Ophth., 40: 577-586, 1956. 
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I would not look upon this as being entirely discouraging, therefore, or neces- 
sarily entirely negative. I think that you have merely indicated how the next 
experiment should be set up. 

Frenkel: I certainly share Dr. Maumenee’s point of view, and the one expressed 
by Dr. Kaufman, that it is the inflammatory response which takes a '!ong while 
to subside, and, after all, that is what we are watching. We cannot see what 
happens to the Toxoplasma organisms when there are any. 

I also agree with what I believe to be Dr. Hogan’s view, that we are dealing 
with a dye-test positive group where we can never be sure, in an individual case, 
whether the lesions are due to toxoplasmosis. Hence we have to evaluate the 
data concerning diagnosis as well as treatment by groups, providing full informa- 
tion on treatment results of test and control groups. In my opinion, Perkins and 
collaborators* are using the right approach; it is the best study I have seen at 
any rate. 

In addition to the fact that we are really watching the inflammatory exudate, 
which is slow in absorption, we have to consider the data Dr. Beverley, I, and 
others presented, that cysts are important. After cyst leak or cyst rupture, the 
bugs do not always enter new cells but frequently are destroyed—and I would 
think they are destroyed, in most instances. In this case we do not deal with a 
microbial lesion in a meaningful sense, as we usually consider it, since organisms 
behave as if they were dead. In these instances, the real treatment problem is 
that of the dead bugs, compounded by hypersensitivity, which Dr. Beverley 
has illustrated much better than I could (see Figs. 139-141). So, logically, these 
patients should be treated with corticoids, since they decrease the inflammatory 
response fastest; of course, to cover against flareup of the microbial lesions, they 
should be “‘covered” with Daraprim and sulfadiazine, as I pointed out repeatedly 
in the last few years. 

I feel there is so little to be gained by being pessimistic about a situation which 
we can analyze. 

Hogan: I was not pessimistic. I am just giving facts. 

Frenkel: Well, I think we can improve our diagnostic acumen to some extent 
by putting the findings of Desmonts and othersf to good use, who observed a 
greater concentration of toxoplasmic antibody in anterior chamber fluid in 
certain patients with active lesions. The implication is, that if the lesion is due 
to Toxoplasma, the release of antigen results in local production of specific anti- 
body, whereas in uveitis of another etiology, a normal ratio prevails, related to 
the protein content of the aqueous humor and blood plasma. 

Hogan: That is a very complicated problem. 

Frenkel: Well, research is complicated, and I think we should face it. 

Hogan: Is it worth while? We are concerned primarily with resolution of lesions 
now, and whether these lesions respond to therapy or whether they do not. I 
think it really comes under Dr. Leopold’s and Dr. Eyles’s discussion. 

Frenkel: But this is related to diagnosis. Desmonts thinks it may be diagnostic. 

* Perkins et al.: Brit. J. Ophth., 40: 577-586, 1956. 

¢ Desmonts et al.: Arch. opht., 20: 137-145, 1960. 
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Hogan: Well, I believe clinical research of this type is not really worth while. 
I do not have all the results as yet on our corticosteroid treatment, but this is 
not really the answer. 

Frenkel: I am not saying it is the answer, but if we have a better diagnosis, 
we can better evaluate the results of treatment and this is my plea, to try, even 
if the diagnostic procedure is a difficult one, let us use it, or let us at least evaluate 
whether it is useful. In a research problem, it is the aim that counts, if we want 
to learn something, not the difficulties that have to be overcome. 

Eyles: If I recall the Besnoitia section correctly, the inflammation around that 
cyst was measurable in microns, where these lesions were all millimeters in size. 
In connection with toxoplasmosis hypersensitivity, do you mean that a number 
of cysts have ruptured to cause this inflammation, or do you think a single 
cyst causes a large patch of inflammation? 

Frenkel: It would probably be a single lesion. I have no evidence that two or 
more would rupture at any one time. 

Eyles: Well, is it not true that your section just showed inflammation close 
to the cyst and not very far off? 

Frenkel: That is true, and I think that the human lesions are larger per unit 
insult than the animal lesions. Human beings have much more hypersensitivity 
than hamsters do. One cannot show dermal sensitivity in hamsters. 

Zimmerman: On the other hand, you know, in the human cases that have been 
studied histologically, there are large numbers of organisms. You could never 
find just one cyst. 

Frenkel: Well, Dr. Zimmerman, I think that there are two main types of patho- 
genesis—the eyes coming to enucleation, Dr. Hogan’s group 3, if I understand 
his classification correctly, are dependent on proliferating forms, in my ter- 
minology, and there we find small clusters of organisms, many of them. On the 
other hand, I do not think we have good histological data from enucleated human 
eyes that demonstrate cyst-rupture, a clinical concept in man, supported by 
animal data. Dr. Hogan’s group 2, I would say is probably related to a single 
cyst rupture, those short evanescent clinical events which, in my opinion, would 
not be expected to respond to antitoxoplasmic chemotherapy. In them there is 
no proliferation and therefore the only reasonable treatment is with corticoids. 
If one wanted to be very experimental, one might use nitrogen mustard. 

You remember, in the hamsters I showed two types of pathogenesis, one with 
many proliferating organisms and the second just with cysts, but no proliferating 
organisms. 

Zimmerman: I could not separate them in that way. 

Frenkel: I have not seen any evidence that the second group is represented in 
enucleated eyes. I think that these people probably have only a few insults in 
their lifetime and their eyes are not damaged to the extent that they would be 
enucleated. 

Remington: I hope that I am not treading on dangerous ground when I use, 
in this analogy, a bacterium with which Dr. Feldman is much more familiar 
than I am. A patient with a severe pneumococcal pneumonia may be cleared 
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of that bacterium with penicillin. If one were to take cultures of lung tissue a 
day or more after treatment was instigated, the lungs would be sterile for pneu- 
mococci. However, the inflammation is still present, and the x-ray picture may 
not have changed. In fact, the patient may even be discharged from the hospital 
with the presence of pulmonary infiltration due to inflammation. What we are 
most interested in knowing from our x-rays and clinical tests is whether or not 
there is progression of the disease process. In your case you seem to be treating 
an eye lesion and expecting it to disappear. As Dr. Frenkel mentioned, this may 
have no bearing on whether or not you cured the lesion of Toxoplasma. 

Feldman: I would carry it one step further. The example is all right up to a 
certain point. When we deal with Gram-negative infections, we know that when 
we use the proper chemotherapeutic agent, while infection is controlled early, 
the clinical course is not altered for some time. In fact, we accept a delay of 4 to 
5 days in the resolution of fever, malaise and so on, on the assumption that the 
Gram-negatives in dying release sufficient endotoxin to maintain certain symp- 
toms. If we treat a patient with active tuberculosis, let us say, with PAS or 
isoniazid, we do not expect to see the patient become afebrile in less than a 
week. This does not mean that the patient is not responding to therapy. 

The simpler situation is that of the Gram-positive organism where response is 
generally immediate and rapid. Now, any one of these might be operative in the 
eye. We just do not know, in the way these experiments have been set up, whether 
any or none of them play any role. I say again, we are ready for a more advanced 
experiment. 

vtemington: I was wondering, the parameters you used, that is, looking at the 
lesion and seeing it appear and disappear—is this the correct parameter for the 
efficacy of treatment? 

Leopold: I think there may be a wrong impression here, Dr. Remington. I do not 
think ophthalmologists are looking at these things to see if they are going to 
disappear rapidly. I would say they are following the course of it, and intraocular 
lesions are what we are impressed with, and if we see a disappearance of the lesion, 
when we are fortunate enough to get the specific chemotherapeutic agent for the 
responsible organism, we do not expect to see the eye clear promptly, but to 
stop getting worse. Then, we know we are on the right track. This is one of the 
things we are looking for in uveitis. We never really expect it to clear, except 
with a scar, but we do expect it to slow down the inflammatory signs that we see, 
under therapy. 

Frenkel: Dr. Leopold, what infections are you referring to or using for com- 
parison, where this sort of thing happens? 

Leopold: I am not comparing this. I think it can be compared only to other 
forms of chorioretinitis which have been treated in the past. We have all had 
experience with those, and we know about what course they take. If you look 
at these results, I think, the remarkable thing is how similar they are. 

Dr. Hogan had 23 cases in his first series, of which 4 improved in the first 
week, and in the second series he had 16 cases of which 5 improved in the first 
week. If you look at Hoover’s cases, he had 22 cases, of which 5 improved in the 
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first week. All of these are approximately the same numbers recurring every 
time. I do not know that this means anything, because, as Dr. Hogan has pointed 
out, we have seen other cases of chorioretinitis which have improved in the first 
week. 

Remington: Dr. Leopold, do these other cases get worse or stay the same— 
the ones that do not improve? 

Leopold: Most of them are going along at the same level. You notice a change, 
perhaps, in a week’s time. If you go back and look at it every day, perhaps at 
the end of a week, you will be impressed with it, unless it is really severe and 
getting worse, so you no longer can get a view of the lesion. That happens, too. 

Zimmerman: In those figures that you cite, they add up, roughly, to one 
quarter, do they not? 

Leopold: Yes. 

Zimmerman: That is, again, the figure you would get from the dye test titers, 
and it is also approximately the figure that Woods and Jacobs obtained. 

Hogan: They had 25 per cent. 

Zimmerman: Yes, I mean, the difference between anterior and posterior seg- 
ment was 25 per cent, or 50 versus 25. 

Eyles: They were all types of cases. 

Leopold: You can add another group to that. Ryan was the first one to use 
these drugs in ocular toxoplasmosis and he had 29 cases, of which 8 improved 
in the first week, and Cassady had 10 cases of which 3 improved in the first week. 

Frenkel: Dr. Hogan, what is your criticism of Perkins’ experiment? 

Hogan: 1 object to the method of selection of cases. 

Kaufman: There is another criticism which is, perhaps, just as important. It 
is exceedingly difficult to do a double-blind study with Daraprim because many 
patients develop nausea. It often becomes obvious who is being treated with 
Daraprim and who is not. 

Feldman: Dr. Hogan, do you still have the serum with the chloroquine in it? 

Hogan: Yes, I am sure I do. 

Feldman: I assume that the dye test was done in the patient taking chloro- 
quine? 

Hogan: Yes, I am sure it was. 

Feldman: It would be very simple to precipitate out the antibody. If you get 
around to it sometime, it might be of interest, because, as you probably know, 
chloroquine and certainly quinacrine interfere with the reaction of the so-called 
antibody-DNA reaction in disseminated lupus. It may be that this is not too 
dissimilar a situation. Perhaps, the chloroquine was simply blocking the dye 
reaction rather than lowering the antibody level. 

Frenkel: Dr. Feldman, you once mentioned, I believe, that you felt the thera- 
peutic trial was not very useful, since microorganisms other than Toxoplasma 
could respond to pyrimethamine and sulfadiazine. I believe, however, that since 
the dye test negative group in Perkins’* series responded similarly, whether or 


* Perkins et al.: Brit. J. Ophth., 40: 577-586, 1956. 
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not treated with Daraprim, that there are no other etiologies to be considered 
here. I think I mentioned this in my paper, and I wondered whether this was 
worth discussing. 

Feldman: What I believe I said was that the response to Daraprim and sul- 
fadiazine should not necessarily be taken as proof of etiology. That is correct. 

Frenkel: Yes. Does that refer to individual cases? 

Feldman: Oh, sure. 

Frenkel: I agree with you there, but how about the experiments carried out 
by Perkins? I would not think it is applicable there. 

Feldman: Well, it may be most correct for an individual patient, but within 
a given series there will be individuals, some of whom might have this kind of 
response and some not. 

Frenkel: Yes, but if in the dye test negative group which should comprise 
all kinds of other etiologies, they have the same low incidence of subsidence, 
whether treated with Daraprim or not, then, I think, there can be no signi- 
ficant proportion of nontoxoplasmic therapeutic responses in the dye test 
positive group. 

Feldman: That sample might be perfectly correct, sure. 

Beverley: I just wanted to point out something that perhaps makes these trials 
not strictly comparable. In Perkins’ trial, Daraprim only was used, and I think, 
in the others, Daraprim and sulfonamide were used. 

Leopold: Perkins had another group where he used Daraprim and sulfonamide 
together, the one he reported at the meeting of the Ophthalmological Society 
of the United Kingdom, where you spoke right before him, had a combination of 
Daraprim and sulfa. He showed no difference in response between the Daraprim 
and the sulfa group and the ones treated with Daraprim alone. That was in 1958. 
He found that 5 out of the 25 with positive dye test titers failed to respond and 
2 out of 3 with negative titers failed to respond. 

Feldman: Dr. Hogan, I know you have not finished analyzing your cases. 
As I look at them, about half had Toxoplasma antibodies, so you would be quite 
correct when looking at a given patient to have a 50-50 chance of predicting 
this to be so. Is that correct? 

Hogan: Yes. 

Feldman: The other thing that intrigues me is that when I break down your 
cases into unilateral or bilateral, 68 per cent of your dye positives were unilateral 
and 32 per cent were bilateral, whereas, with congenitals, you get about 85 per 
cent bilateral and about 15 per cent unilateral. I assume you are going to try 
to relate these to age. Perhaps some of them are congenital. 








952 SURVEY OF OPHTHALMOLOGY 


CHEMOTHERAPY OF TOXOPLASMOSIS 
Don E. EYLes 


Scientist Director, Laboratory of Parasite Chemotherapy, National Institute of 
Allergy and Infectious Diseases, Memphis, Tennessee 


Fortunately, many of you have heard or read previous papers by me on this 
general subject,!-* and regrettably, I do not think too much progress has been 
made in the treatment of toxoplasmosis since their presentation. 

I do think that such discussions as these today may be productive of ideas 
and of inspiration, and shall allow us to take stock of our present position so 
far as treatment of toxoplasmosis is concerned. So let my remarks be henceforth 
constructive. 

There is little to be served by producing once again a review of treatment 
literature, but rather I shall attempt in this paper to summarize and to put forth 
some ideas which may serve as a basis for discussion. 

As a first step I shall try to put into outline forms what I think have been the 
significant findings in the past in the field of chemotherapy of toxoplasmosis. 
In brief, these are as follows: 

1. The discovery that sulfonamides are active in experimental Toxoplasma in- 
fections. This discovery by Sabin and Warren in 1941‘ has been confirmed many 
times. Sulfones, probably similar to the sulfonamides in mode of action, were also 
found to be active.’ Evaluation of the effects of the different sulfonamides in- 
dicated that the sulfapyrimidines, sulfadiazine, sulfamethazine and sulfamera- 
zine, were probably the most active.*: 7 These drugs sometimes produce parasite 
cure in animals but most frequently merely control the infection leaving 
animals with latent parasite infections. Sometimes only a delay in death of mice 
was produced. The use of multiple sulfonamides appeared logical. 

2. The discovery of the activity of pyrimethamine in experimental infections. 
Pyrimethamine (2 ,4-diamino-5-p-chloropheny]-6-ethyl-pyrimidine) which most 
of you probably know best by its trade name, Daraprim, was found as effective 
or more effective than the sulfonamides.*: ® Parasite cure was produced experi- 
mentally in many animals, latent infections being less frequent than after sul- 
fonamide treatment. This finding has been amply confirmed. Unfortunately, 
maximum effect in animals required dosages approaching or exceeding toxic 
levels. 

8. The discovery of the synergistic action of pyrimethamine and sulfonamides. 
Pyrimethamine and the sulfapyrimidines interact synergistically against experi- 
mental Toxoplasma infections in a very strong manner.!® This interaction is 
most likely due to the imposing of sequential blocks on a single metabolic path- 
way, that involving p-aminobenzoic acid, folic and folinic acid.’ Combining 
the two drugs permits use of reasonably low dosage levels—levels unlikely to 
produce toxicity. Furthermore, cure in experimental animals is achieved much 
more readily with the combined drugs than with either drug alone, regardless 
of the dosage of individual drugs. 
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4. The finding that folinic acid prevents or alleviates toxic manifestations of 
pyrimethamine and sulfonamides without inhibiting the antiparasitic effect. Frenkel 
and Hitchings” and others" found that folinic acid interfered little or not at all 
with the chemotherapeutic effect of pyrimethamine and sulfadiazine in combina- 
tion. From the animal observations it would appear logical that folinic acid 
might be used to prevent some of the potentially serious toxic effects in man. A 
recent case of Frenkel et al. is a lucid demonstration of the use of this vitamin 
as an adjunct to therapy. It has also been observed that folic acid does not inter- 
fere with the effect of the drugs against the organism." Whether or not folic 
acid would counteract the toxic effects is not clear. 

5. The demonstration in a controlled experiment that pyrimethamine has an ef- 
fect on uveitis associated with positive serological reactions for toxoplasmosis. In the 
only controlled study of the treatment of human disease, Perkins et al.!* showed 
that pyrimethamine had a statistically demonstrable effect on cases of uveitis 
associated with positive dye tests. Sulfonamides were not used in conjunction 
with the pyrimethamine which was given at a dosage of 25 mg. per day. The 
results indicated beyond reasonable doubt that pyrimethamine does have effect 
in toxoplasmic uveitis and the study also provided valuable information on this 
disease. 

6. The accumulation of a mass of evidence from clinical use that pyrimethamine- 
sulfonamide therapy has a beneficial effect on Toxoplasma infection in man. Al- 
though some of the present company may not agree, the concensus is that the 
use of pyrimethamine-sulfonamide therapy often produces favorable effects in 
uveitis associated with evidence of toxoplasmosis. The first series of cases by 
Ryan et al.’* has been followed by a number of reports of similar improvement in 
a significant proportion of cases. Occasional dramatic results were reported, but 
the possibility of spontaneous remission must be kept in mind as Perkins e¢ al.!® 
showed many patients improved when given placebos. 

Three carefully studied laboratory cases of toxoplasmosis in three different 
laboratories": "7 allowed the trial of these drugs on acute human infections. Again 
spontaneous remission of the disease is a possibility, but in each case improve- 
ment was coincident with therapy, and the patients recovered more or less un- 
eventfully. 

The preceding paragraphs summarize in my judgment our present position 
so far as the treatment of human toxoplasmosis is concerned. Numerous other 
compounds have been tried in experimental toxoplasmosis, but none seems as 
efficient as pyrimethamine and sulfonamides. Some antibiotics and other com- 
pounds have shown definite activity but none have shown promise as agents in 
human disease. 

Certainly pyrimethamine and sulfonamides have limitations and I believe 
that investigation on the chemotherapy of toxoplasmosis must be continued, 
perhaps along the following lines: 

1. A determination in controlled experiment of the effects of pyrimethamine and 
sulfonamides on toxoplasmic uveitis. It is essential that a study similar to that of 
Perkins et al.!* on pyrimethamine alone be done with pyrimethamine and sul- 
fonamides. All of our evidence as to effect in man is from uncontrolled series of 



































954 SURVEY OF OPHTHALMOLOGY 


cases treated, and not all ophthalmologists agree that improvement results. We 
need to put the means of treatment on a firmer basis. Could not some clinic ac- 
complish this objective by means of an experiment with safeguards against bias? 

2. A determination of effective dosages. Granting that it is found that the pyri- 
methamine and sulfonamide treatment is effective, and the mass of evidence 
points that way, it should be determined what dosage is necessary. Is it neces- 
sary to use the large dosages now employed in uveitis in man? Do physicians 
generally realize the serious toxic potentialities of pyrimethamine? The indica- 
tions from animal experimentation are that lower dosages than those employed 
may be adequate, and Perkins’ group found only 25 mg. per day of pyrimeth- 
amine alone produced effect. Acute cases have appeared to respond to 25 mg. 
per day. Could not a study of effective dosage level be made parallel with such a 
controlled study as suggested in my previous paragraph? 

3. Search for more active compounds, especially drugs active against the pseudo- 
cyst stage. Screening methods would be somewhat more difficult technically 
against the pseudocyst stage than against proliferating organisms, but the ob- 
stacles are by no means insurmountable. The situation is analogous to some 
extent to the investigation of antimalarial effects against blood versus tissue 
stages. Strains of Toxoplasma which produce easily patent cyst infections of the 
brain are available and studies could be made by their use. 

Compounds with known biological activity against other organisms should be 
evaluated, and concurrent with the drug investigation, studies should be made 
on the physiology of the cysts to seek information which might be useful in 
chemotherapy work. 

Along these lines, Beverley’? has shown that the administration of pyri- 
methamine and sulfonamide to mice with chronic infections lessened the rate 
of growth of the cysts and treatment over a 3-month period greatly reduced the 
number of cysts. He speculated as to whether or not more extended periods of 
treatment might result in the eradication of the infection. Very likely Dr. 
Beverley can add to the information I have given when we discuss this paper, 
and can advise us as to the possible implications of his findings in the treatment 
of uveitis in man. Perhaps a study in man should be made in which smaller 
dosages of the drugs are administered over an extended period. 


(Editor’s note: Discussion of this paper has been combined with the discussion of Dr. 


Leopold’s paper.) 
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THE DIFFICULTIES IN EVALUATION OF OCULAR THERAPY 
FOR TOXOPLASMIC UVEITIS 


The evaluation of the therapeutic approaches to toxoplasmic uveitis is fraught 
with pitfalls. The etiological diagnosis usually cannot be established with assur- 
ance. One cannot be certain whether the uveitis represents an initial infection, 
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a reactivation of infection with gross local proliferation of free forms of toxo- 
plasmosis after rupture of a cyst, or whether it is a hypersensitivity reaction of the 
delayed tuberculin type specific for Toxoplasma cyst contents or whether it is 
due to a hypersensitivity to antigens produced by the alteration and break- 
down of tissue. It is not always possible to predict the actual degree of severity 
of the ocular involvement, 7.e., whether the lesion will run a prolonged or a short 
course. The diagnosis in the functioning eyes is an indirect one. 


DRUGS AVAILABLE 


There are a number of chemotherapeutic and antibiotic substances which 
have been demonstrated by tissue culture and experimental animal studies to 
have an effect against the Toxoplasma organism.! These include Daraprim or 
pyrimethamine, various sulfonamides, sulfones, and several antibiotics. There 
are those who have suggested that Atabrine and plasmoquin? may also have an 
effect, but the evidence is not as convincing as with the previously mentioned 
agents. 

In addition, experiments have suggested that therapy may be influenced by 
passive transfer of acquired antibodies and by active stimulation of antibody 
formation.’ Fair* stimulated antibody formation through repeated injection of 
skin test antigen. Jacobs and Melton® have shown that the live vaccines are far 
superior to the killed vaccines in producing immunity in guinea pigs providing 
mild strains of Toxoplasma gondii are used. 


EXPERIMENTAL EVALUATION 


Clinical studies may be deceiving with these therapeutic approaches so that 
attempts have been made to analyze the effectiveness of these agents in the 
experimental animal where the lesions can be controlled more readily. Jacobs 
and his co-workers® have produced anterior uveitis in rabbits with an avirulent 
strain of Toxoplasma. The strain used did not produce a fatal infection and 
thus provided a long period of observation. These experimental studies have 
been carried out on the basis that the chemotherapeutic agent to be evaluated 
would have a chance to control the proliferation of the parasites. Jacobs and 
his co-workers introduced the organism into the anterior chamber. The first 
signs of uveitis appeared in 1 to 4 days depending on the size of the inoculum. 
The eyes became considerably inflamed within 1 week. The lesion was self- 
limited, quieting within 3 weeks. The agents employed were pyrimethamine, 
sulfadiazine, Diasone (disodium[sulfonylbis(p-phenyl-enimino) |dimethanesul- 
finate), DDS (4,4-diaminodiphenylsulfone), and 2-dihydrotriazine. Dihydro- 
triazines were given subcutaneously, all the others orally. Pyrimethamine and 
sulfadiazine had a favorable influence when administered as 100 mg. per kg. a 
day starting on the day of infection. The combination was more effective than 
either drug alone. They found Diasone to be ineffective against ocular toxoplas- 
mosis in rabbits, but DDS was effective in reducing the severity of the experi- 
mental uveitis. The dihydrotriazines were also effective. All of the effective 
drugs worked at a dosage schedule of 100 mg. per kg. 
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Beverley’ has done similar experiments and employed sulfadimidine and pyri- 
methamine combined as well as each drug alone and found that the combination 
produced 83 per cent cures in the anterior uveitis induced whereas the sulfadimi- 
dine alone produced only 8 per cent cures. He also found that sulfadimidine alone 
for 3 months lessened the growth rate of cysts but not as effectively as did 
pyrimethamine alone. Both together had a great inhibitory effect on the growth 

ate of cysts, and when both drugs were combined in treatment there were fewer 
surviving cysts than if either drug were used alone, and the longer therapy was 
continued the fewer cysts remained. 

There is good experimental evidence that pyrimethamine and varieties of 
sulfonamides combined will have an effect against the actively proliferating 
Toxoplasma infection in ocular tissue as well as in other body tissues. It has also 
been demonstrated that spiramycin and also the sulfones have an effect to a 
sufficient degree to be of some possible practical value. Most of the evidence is 
that sulfonamides, namely sulfadiazine, are more active than Diasone and Pro- 
min, although Cross* reported otherwise. 

Eyles* has demonstrated that the sulfones also work synergistically with py- 
rimethamine. 

Of the antibiotics the most active are probably chlortetracycline, Aureomycin 
and spiramycin.” Oxytetracyleine, tetracycline, Chloromycetin, fumagillin, 
erythromycin, puramycin, and magnamycin have been reported to possess some 
activity."! Eyles did not find the antibiotics of sufficient activity to be of practical 
importance in the treatment of toxoplasmosis.’ 

The studies of Winter and Foley” have demonstrated the potential activity 
of dihydro-S-triazines against experimental toxoplasmosis. Their effectiveness 
has been noted in experimental anterior uveitis induced by toxoplasmosis placed 
in the anterior chamber (Jacobs). These agents have antifolic acid properties 
and appear to act synergistically with sulfonamides. More information is needed 
before they are tried in human cases. 

Eyles has summarized the large number of compounds which possess very 
slight antitoxoplasmic activity, and he has published this information with 
Summers.” According to Eyles there seems to be some correlation between an 
agent’s antimalarial and its antitoxoplasmic activity. 

ROLE OF IMMUNITY 

In the experimental animal which is not immune, Beverley believes that there 
are two periods of marked response with a well defined remission between them 
following an inoculation of attenuated toxoplasmic organisms into the anterior 
chamber. The first response, he feels, is probably due to the toxic effect of the 
organisms; the second is an hypersensitivity reaction coming on as the animal 
develops its antibodies. In the immune animal general systemic effects are absent, 
but there is still a local response. This local response is greater in degree than 
either of the two local responses of the nonimmune animal and earlier in onset, 
suggesting that the two responses are superimposed. It is this response which 
Beverley has been able to block almost completely by giving cortisone systemi- 
cally. 
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MODE OF ACTION 


It is felt that sulfonamides and the sulfones are both anti-p-aminobenzoic 
substances and act by helping to prevent folic acid synthesis by organisms, while 
pyrimethamine works by preventing the utilization of folic acid whether self- 
made or absorbed from the environment. Sulfadimidine alone and sulfones alone 
only prevent multiplication of organisms while they are being given. On discon- 
tinuing them the proliferation recommences in many cases. Pyrimethamine is 
likewise only a growth inhibitor unless it is pushed to near toxic levels. However, 
when the two types of drugs are combined, they produce their attacks on two 
different points in the metabolic pathway, and perhaps they can be given in 
doses well below the toxic level for the host and still be parasiticidal. 


EXPERIMENTAL STUDIES OF THE COMBINATION OF CHEMOTHERAPEUTIC 
AGENTS WITH STEROIDS 


Beverley has evaluated the combinations of the chemotherapeutic agents with 
steroids in experimental anterior uveitis in rabbits. These studies have divided 
the animals into those which are not immune and those which have been made 
immune prior to the study. Cortisone alone had no effect on the infection in the 
eye of the nonimmune animal. In the systemically immunized animal with intra- 
cameral organism injection type of uveitis the treatment with cortisone alone 
was quite effective as was the treatment with cortisone combined with the 
sulfone (DDS). DDS showed some effect but not as favorable nor as complete as 
with cortisone alone or cortisone combined with DDS. 

The inoculation of killed organisms into the nonimmune animal produced no 
reaction but produced a definite reaction of anterior uveitis in the immune 
animal. This also responded better to cortisone alone than to the sulfone alone. 

When therapy was started 7 days after actual infection had been induced, the 
combination of sulfadimidine and pyrimethamine was much more effective than 
sulfadimidine alone. Beverley’s studies would indicate that prolonged therapy 
for longer than 3 months reduced the number of surviving cysts in the tissues. 
Best results were obtained with a combination of sulfadimidine and pyrimetha- 
mine. 


CLINICAL TRIAL 


The use of chemotherapy in active clinical cases of posterior uveitis has given 
some suggestion of benefit, but the results have been largely disappointing. The 
best results have been obtained by Ryan and co-workers,“ who had 25 to 29 
cases of presumptive toxoplasmic uveitis showing improvement after the onset 
of therapy with these chemotherapeutic drugs. Eight of these showed response 
during the first week of therapy. Seventeen cases showed response within one 
month. Their dosage schedule varied. Early in the study, cases were treated on a 
regimen of pyrimethamine 25 mg. three times daily and with sulfa drugs 44 gm. 
to 2 gm. four times daily for 10 days. They noticed that they had to adjust the 
therapy to individual tolerance, since it was found quickly that many patients 
did not easily accept the higher dosage. The length of treatment was also revised 
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as experience was gained by observing the effects. The chief change was to 
lengthen the course using small dosages in the hope of preventing reactivation of 
the lesions which might result from a rupture after treatment had been discon- 
tinued. In some cases the dosage of pyrimethamine was increased to 100 mg. 
daily continued for a longer period of time up to 30 days. The dosage was then 


- 


reduced in most cases to 25 mg. of pyrimethamine daily while the sulfa drug was 
discontinued. 

Perkins et al. in 101 cases of uveitis attempted a double blind study. Only 
those patients with positive Toxoplasma dye test titers were found to respond 
better to the drug than the controls. 

Perkins" found that only 5 of 25 patients with posterior uveitis and a positive 
dye test failed to show improvement after 1 month of therapy with 25 mg. of 
Daraprim daily and sulfadimidine 0.5 gm. three times daily, whereas 2 out of 3 
with a negative dye test failed to improve as did those with anterior uveitis. 
He found no superiority in the combination of Daraprim and sulfadimidine 
over those obtained with Daraprim alone. 

Cassady and his co-workers” reported good results in a series of 11 patients 
treated with 25 mg. per day of pyrimethamine per 60 pounds of body weight plus 1 
gm. of sulfadiazine per 60 pounds per day. Some of the patients exhibited renewed 
activity after discontinuance of treatment. Jacobs and his co-workers! observed 
improvement in 13 out of 22 cases in which presumptive diagnosis of ocular 
toxoplasmosis had been made. Four of them showed excellent results. They 
employed 25 mg. per day of pyrimethamine alone or with sulfonamides. Eyles 
has reported that he had observed a number of patients in association with 
several ophthalmologists in the Memphis area who have shown improvement. 
They employed 50 mg. per day of Daraprim along with sulfas; therapy was con- 
tinued for 2 or more weeks. 


PHARMACOLOGY OF DI-AMINOPYRIMIDINE 


Pyrimethamine is the sole available example of the di-aminopyrimidine. It is 
commercially known as Daraprim. It is a metabolic antagonist of folic acid. 
Structurally it is 2,4-diamino-5(p-chloropheny])-6-ethylpyrimidine. As an anti- 
malarial Daraprim is not a curative agent but only causes disappearance of the 
erythrocytic infection. The data on the absorption of the substance in human 
beings is rather scanty. It appears to be absorbed rather slowly in the monkey. 
Large individual variations in plasma concentration have been observed by 
Schmidt et al.!® * as well as by Kaufman and Caldwell. The amount of the 
drug found in the feces following oral treatment is negligible indicating almost 
complete absorption. The hydrochloride salt in solution may be given intra- 
muscularly after which it is much more rapidly absorbed. According to Schmidt 
et al. ® about 80 per cent of the drug administered disappears while 10 to 20 
per cent is excreted in the urine in unchanged form in 5 to 7 days. The drug does 
not appear to be cumulative in monkeys. Resistance of a high degree can be 
readily produced experimentally to malarial parasite. There is evidence that 
folic acid antagonists may be used for production of therapeutic abortion during 
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early pregnancy which would seem to make pregnancy a contraindication to the 
use of pyrimethamine. The toxic manifestations of high doses are skin lesions, 
marked leukopenia and neutropenia with exhaustion of the myeloid elements in 
the bone marrow. Symptoms of intoxication include convulsive seizures, muscular 
weakness, malaise, diarrhea, pigmentation of the skin, gingivitis, and dehydra- 
tion. 

Schmidt has demonstrated that the drug is slowly absorbed from the gastro- 
intestinal tract. Considerable variation occurred in monkeys with respect to the 
plasma levels obtained after administration of the same dose. Pyrimethamine is 
extensively metabolized in the body, and less than 20 per cent of the compound 
is excreted unchanged in the urine. 

Almost everyone who has used these drugs for uveitis has encountered toxic 
reactions similar to those which were described earlier by Schmidt for monkeys. 
Ryan and his co-workers noted nausea, anorexia, weight loss, depression of 
erythrocytes, depression of platelets, depression of leukocytes, disturbance of 
taste sense, petechial phenomena, allergic manifestations, disturbance of skin 
pigment. 


PENETRATION STUDIES 


Studies of the rate of penetration of Daraprim into the ocular tissues have been 
made in experimental animals and in man. Choi” at the Wills Hospital attempted 
to measure the penetration by a disk assay method using Streptococcus fecalis as 
an indicator. With a single intravenous injection of pyrimethamine a satisfactory 
blood level was obtained within 15 minutes, and it fell off rapidly under 2 hours. 
Regardless of the single dose given, no pyrimethamine was detected in the 
aqueous and vitreous humor of normal rabbit eye, but a trace was found in 
secondary aqueous and in the aqueous humor of chemically inflamed eyes. An 
appreciable level of pyrimethamine was found in the uveal tract within 30 min- 
utes of injection, with 2 mg. per kg. of body weight, and this was maintained 
for over 120 minutes. In order to obtain a theoretically effective concentration 
of pyrimethamine against the Toxoplasma parasite, one would anticipate, if the 
human behaved as the rabbit, that approximately 150 mg. of Daraprim should 
be given orally to an average adult as a priming dose. 

Kaufman and Caldwell'® have studied this problem administering various 
dosages to human beings and determining the serum levels as well as the aqueous 
humor level. They found that in order to obtain a high blood level rapidly, large 
doses (100 mg.) of pyrimethamine had to be given twice in a 24-hour period. 
There was an accumulation of the drug in the blood over a period of time at the 
smaller dosage schedule. Unless a loading dose was given, serum pyrimethamine 
concentrate rose slowly, and 2 weeks or more were required for attainment of 
high stable serum drug level. They noted that pyrimethamine penetrated the 
blood-brain barrier well in monkeys and that high concentrations could be ob- 
tained in the retina but also demonstrated little or none in the aqueous humor. 
Their studies indicate that the serum levels of pyrimethamine were dependent 
upon its absorption from the intestinal tract which varied from person to person. 
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Elimination, however, is constant but slow, so that serum levels would over a 
period of time become more significant due to pyrimethamine accumulation in 
the blood. The administration of a high-loading dose resulted in the rapid estab- 
lishment of high serum levels of pyrimethamine maintained thereafter by a small 
daily maintenance dose. It was suggested from their experience that a regimen 
of 100 mg. of pyrimethamine given twice the first day, 25 mg. twice a day there- 
after plus 1 gm. of trisulfapyrimidine given four times a day would give prompt 
attainment of high stable blood levels. 

It must be noted that high blood levels do not mean necessarily that the drug 
will go from the retinal and choroidal vessel into the retina and choroidal tissue 
or into the cysts harbored in the retina. 


DOSAGE SCHEDULE 


Choi’s” studies and those by Kaufman and Caldwell?! would suggest that 
approximately 150 mg. to 200 mg. the first day followed by 50 to 75 mg. on suc- 
ceeding days along with 1 gm. of trisulfapyrimidine given four times a day would 
allow adequate concentrations in the blood stream and thus penetration into 
ocular tissues in most individuals. Such high doses of course would demand 
greater precaution and search for toxic effects. It is remarkable in view of the 
penetration studies to see the therapeutic response obtained in Perkins’ controlled 
study where only 25 mg. of Daraprim daily were employed. 

Toxic effects in Perkins, Smith, and Schofield’s® series occurred in approxi- 
mately one-third of the patients who received only 25 mg. daily. Ryan and 
Jacobs'* who used approximately 75 mg. daily had no greater incidence of side 
effects or depression of the blood picture. Kaufman and Caldwell”! found a rela- 
tionship between the amount of drug absorbed and hematologic toxicity. Of the 
113 patients receiving Daraprim 25 mg. a day, the hemoglobin level dropped 
more than 5 per cent in 53 or 47 per cent of the cases, 22 of whom showed macro- 
cytes in the blood film. The hemoglobin level in most severely affected cases 
dropped from 100 per cent to 83 per cent in 3 weeks. The anemia encountered 
was of the macrocytic normochromic type. In addition, three of these cases 
showed a slightly abnormal leukocyte count or an absolute leukopenia. Fourteen 
per cent of the control patients also showed a drop in hemoglobin of more than 
5 per cent but there was never any evidence of leukocyte depression.’ It is clear, 
therefore, that Daraprim administration should become accompanied by a regular 
blood examination in order to detect macrocytic anemia in every stage. There is 
evidence that the administration of folic acid or folinic acid does not interfere 
with the antitoxoplasmic effect of Daraprim.’ 


THE COMBINATION OF CHEMOTHERAPEUTIC AGENTS AND STEROIDS 


It has been suggested by many, such as Frenkel, Beverley, and Perkins, that 
the use of steroids may be combined with chemotherapeutic agents and improve 
the results of such therapy. The steroid may have an anti-inflammatory reaction 
preventing the hypersensitivity reactions to antigenic material released from 
the cyst or it may also block the inflammatory reactions to necrotic materials. 
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It would appear that the use of steroids does not enhance the growth or prolifera- 
tion of the organisms. Certainly steroids do not seem to interfere with the 
chemotherapeutic agent’s activity against the organisms.” 


THE USE OF SPIRAMYCIN IN OCULAR TOXOPLASMOSIS 


Our studies to date with spiramycin suffer from the lack of adequate controls. 
All granulomatous uveitis cases were treated as they appeared. With spiramycin, 
the penetration studies by Furgiuele, Sery, and Leopold™* have demonstrated the 
dosage required to produce detectable intraocular fluid in tissue concentrations. 
When employed in this dosage schedule, there were some cases that did improve, 
but these were not remarkable and they did not do so as rapidly as one 
might anticipate if the drug were highly effective. 


REASONS FOR FAILURE OF SPECIFIC CHEMOTHERAPY 

1. Diagnosis incorrect. 

2. The lesion may be due to antigenic liberations from the cyst rather than 
due to actively growing proliferating organisms. 

3. The lesion may be due to response to necrotic tissue. 

4. The drug dosage may be inadequate. 

5. The dosage may be inadequate in that insufficient quantities are absorbed 
in the gastrointestinal tract to produce an adequate concentration in the blood- 
stream. 

6. The organisms may be resistant or multiplying so slowly that they are not 
responsive. 

7. The drug may not be able to penetrate through the site where the or- 
ganisms are multiplying. 


SUMMARY 


Chemotherapeutic and antibiotic substances are available that have the 
ability to inhibit the multiplication of some strains of Toxoplasma in vivo. 
There are limitations for each of the agents. Toxicity, or poor penetration, or both 
often prevent attainment of adequate concentrations in the infected tissue. The 
role of steroids and immunization has not been explored sufficiently. 
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Kaufman: There is some additional experimental evidence which relates to 
the problems delineated by Dr. Leopold. 
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DAYS FROM START OF DARAPRIM (50 mg.) 
Fic. 172. Treatment with Daraprim 


As shown in Figure 172, Daraprim accumulates gradually in human beings 
treated with a constant daily dose, and 2 or 3 weeks are required to achieve the 
final serum concentration. A “loading dose”’ will achieve the final concentration 
more quickly. It is important to note that the concentration of Daraprim is be- 
tween 0.2 and 0.3 mg. per 100 cc. of serum in all of these patients.* 

This is very different from what is seen in rabbits and probably in guinea pigs. 
Rabbits and guinea pigs remove Daraprim from their serum very rapidly, and 
it is difficult to measure the low levels of Daraprim in their blood, as Dr. Choif 
pointed out. Rabbits and guinea pigs, therefore, require very large doses of Dara- 
prim to achieve a serum concentration corresponding to human levels. 

Now, what happens in the primate eye? We studied monkeys because they 
metabolize the drug more like humans, and achieve serum concentrations of the 
same order as we found in humans.f, § In the monkey as in the rabbit, pyri- 
methamine penetrates poorly into the aqueous and into the vitreous. However, 
we find, as Schmidt found in the brain, that pyrimethamine is concentrated in 
the retina (Table 23).f 

Cook found 0.025 mg. of Daraprim per 100 cc. to be effective in monkey kid- 
ney tissue culture in killing toxoplasmas.{ Daraprim is, therefore, concentrated 
in the retina in concentrations several times greater than the toxoplasmacidal 


*H. E. Kaufman and L. A. Caldwell: Pharmacological studies of pyrimethamine (Dara- 
prim) in man. A.M.A. Arch. Ophth., 61: 885-890, 1959. 

t C. S. Choi: Penetration of pyrimethamine (Daraprim) into ocular tissues of rabbits. 
A.M.A. Arch. Ophth., 60: 603-611, 1958. 

t L. H. Schmidt, H. B. Hughes, and I. G. Schmidt: The pharmacological properties of 
2,4-diamino-5-p-chlorophenyl-6-ethylpyrimidine (Daraprim). J. Pharmacol. & Exper. 
Therap., 107: 92-130, 1953. 

§ C. C. Smith and J. Ihrig: The pharmacological basis for the prolonged antimalarial 
activity of pyrimethamine. Am. J. Trop. Med., 6: 50-57, 1957. 

4 M. K. Cook and L. Jacobs: In vitro investigations on the action of pyrimethamine 
against Tozoplasma gondii. J. Parasitol., 44: 280-288, 1958. 
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dose required in in vitro studies. The analyses of pyrimethamine in the retina, 
summarized below, are from monkeys that were exsanguinated before the retina 
was dissected and analyzed so as to minimize contamination from blood. 

The question of whether therapeutic concentrations of pyrimethamine are 
present in the retina is so important that the study was repeated, using tritium 
labeled radioactive pyrimethamine. Again, the results were much the same (Ta- 
ble 32). 

In order to be sure where pyrimethamine was in the retina, autoradiographs 
were done on sections of retina in which tridiated pyrimethamine had been used. 
The Daraprim was spread throughout the retina without particular localization. 

As a further check that what was measured as pyrimethamine was in fact 
toxoplasmacidal, the toxoplasmacidal effect of serial dilutions of serum with 
measured pyrimethamine concentration was determined. Infected monkey kid- 
ney tissue cultures were exposed to serial dilutions of the serum of patients being 
treated with pyrimethamine and the measured concentrations in the diluted sera 
were compared with the concentration of pure pyrimethamine found by Cook to 
be toxoplasmacidal. In all cases the serum was at least as effective as would be 
expected from the measured drug concentrations. 

Since this organism multiplies within the cells of the retina, and since we know 
that pyrimethamine in primates is present in the retina, we have every reason to 
believe that the drug is effective in killing proliferating organisms in the retina. 
This is confirmed by studies in guinea pigs given doses comparable to large doses 
required by rabbits. When RH toxoplasmas are injected into the vitreous, in un- 
treated controls, the retinas and the brains are all infected and have cysts, and 
the guinea pigs will die. When the animals are treated from the time of infection 
with Daraprim and sulfa, there are no cysts and the animals survive. 

It is difficult to extrapolate from these experiments to the clinical disease 
which we see as toxoplasmic uveitis. In the clinical disease there are immune 
factors and other variables that Dr. Leopold has so clearly pointed out. 

There have been several individual case reports of patients responding well 
to pyrimethamine therapy. I would like to cite the case of a 2!4-month-old girl 
with congenital toxoplasmosis, as indicated by a dye titer of over 64,000 compared 
to a maternal titer that was 4,000 when determined in parallel. She had an active 








TABLE 32 
Bioassay determination of pyrimethamine 
Tissue Concentration 
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encephalitis with 800 cells per cubic millimeter in the cerebrospinal fluid (CSF) 
and an active retinitis with much debris in the vitreous, as well as large, bilateral, 
perimacular chorioretinal lesions. Within two weeks of the beginning of Dara- 
prim and sulfa therapy she improved dramatically ; her spinal fluid cells decreased, 
her vitreous began to clear, and within a month she was perfectly well. In addi- 
tion to this, her dye titer fell dramatically, and it is now at a level of 64. 

Feldman: What happened to her eyes? 

Kaufman: The eyes got better. The necrotic retinal lesions, of course, remained 
but the signs of active inflammation disappeared. 

Feldman: Let me cite a case. A 5-year-old boy, with an acute onset of fever, 
general malaise, headache, a maculopapular rash, stiff neck, and large lymph 
nodes came to the hospital and had a lumbar puncture (LP) performed. Toxo- 
plasmas were found in the spinal fluid. He received what is known as TLC (tender 
loving care), and 2 days later, his LP was normal, he had no stiff neck, the rash 
was gone, and he left the hospital in 10 days, perfectly well. 

Kaufman: This, then, is a perfect example of the difficulty of generalizing from 
a few selected cases. I agree with you. 

Stim: Have any of you had experience with strains which become resistant, 
especially in those cases where a long-term course of low dosage is given? 

Eyles: You would expect it, certainly, because malaria gets resistant at the 
drop of a hat. 

Siim: Therefore, I think it is particularly important to start with high dosage. 

Hogan: I think Dr. Eyles got the impression that I felt that Daraprim and 
sulfadiazine were ineffective in the treatment of these cases. The contrary is true. 
I feel that certain cases do respond and respond well. There are many reasons 
why some of the others do not. But I think there are laboratory infections that 
have not been treated, that have done well, too. Is that not correct? There are 
two in Norway, I think, that Magnusson reported. 

Eyles: Strém, I believe, and they both recovered spontaneously. 

Frenkel: Would it help to discuss this laboratory infection again, where blood 
stream isolations became negative within 36 hours after starting Daraprim and 
sulfadiazine? If a disease is not symptomatic, one may not be able to evaluate 
treatment. 

Figure 122 starts on the 9th day of infection when isolation from 2 blood 
samples was positive in 3 out of 10 mice and 3 out of 6 mice. Thereafter, at 
eight o’clock at night, pyrimethamine, 50 mg., and 2 gm. of sulfadiazine were 
given. The next day, in only 1 out of 9 mice was Toxoplasma isolated, and there- 
after, zero out of 8 or 9 every day. 

This, of course, goes along with the increase in antibody titer by the dye test 
first, and the hemagglutination test later. The other data relate to the drop in 
platelets and also the drop in white blood count, which was reversed by the yeast 
and the folinic acid. 

Remington: I do not recall exactly what you said in your paper, but did you 
try to determine whether or not the yeast had any effect on the infection? 
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Frenkel: In my paper with Hitchings* we used yeast alone and showed that 
there was no significant effect on the infection. If anything it was synergistic with 
the action of sulfadiazine. 

Remington: No, 1 am familiar with your work and the publications. But now 
we are speaking of a human case. Dr. Eyles brought this matter up, and I be- 
lieve it to be very important. If pyrimethamine is used in treatment of a human 
case, and yeast is added to the regimen to counteract toxicity, will that yeast in- 
hibit the action of pyrimethamine on Toxoplasma organisms in vivo? Will it 
enhance the growth of the organisms? 

Frenkel: Chemotherapeutic effects depend on the interference with microbial 
metabolism, not with host substrate, and we go on the assumption that the bio- 
chemical pathways of Toxoplasma are similar in mouse and man; otherwise, 
chemotherapeutic experiments and those involving antagonists would not be 
meaningful in animals. The fact that there seems to be consistency permits us 
to transfer from the animal experiment to man. In our case defervescence was 
complete and the local lesion healed by the time that folinic acid and yeast 
were given, hence a subtle effect would not likely be evident; but there was 
no relapse. In the mice, chemotherapeutic effect was not impaired. 

Treatment was started on the evening of January 24th, which was 9 days 
after infection. There were isolated temperature elevations noted before hospitali- 
zation (Fig. 121). Two days following onset of treatment, the temperature 
remained normal. 

Hogan: When was yeast given? 

Frenkel: During the third week of chemotherapy. As shown in Figure 122, 
treatment went on for quite a while longer. Actually, it went on from January 
25th until the first week of March, 39 days in all. I feel it is worth while to treat 
for a long period of time, if you can do it, to decrease the numbers of Toxoplasma 
until immunity is well established. Utilizing folinic acid and yeast, I have never 
had to stop treatment, whereas, before, I did occasionally. I did not get subjec- 
tive toxicity, using these doses, or this regimen, even after using a loading dose 
of 75 mg. of pyrimethamine for 3 days. The gastrointestinal symptoms, I think, 
are easily taken care of by psychotherapy. I have never seen a rash, nor vomit- 
ing; just sort of an ill-defined nausea, and a little bit of discomfort. 

Fair: Cutchins and Warren have compared immunity patterns in convalescent 
and vaccinated guinea pigs. The antigens that they used were killed in various 
ways and were sometimes combined with adjuvants, and they have shown that 
the injection of killed organisms alone produces dye test antibody formation but 
no immunity. It was only when they combined their antigen with adjuvants that 
they produced complement-fixing antibodies and protection for the animal. 

I thought that this experiment gave us the license we needed to proceed in hu- 
man beings, and although I do not have the time or training to do much work of 
this kind, because I have a good source of human volunteers, I did go ahead. To 


* J. K. Frenkel, and G. H. Hitchings: Antibiotics and Chemother., 7: 630-638, 1957. 
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Fig. 173. Results of attempt to stimulate dye test antibody formation in human volun- 
teers by injection of a dilute refined antigen (skin test preparation prepared according to 
the method of Frenkel). 
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Fig. 174. Stimulation of dye test antibody formation in human volunteers by injection 
of heat-killed Toxoplasma in mouse peritoneal exudate diluted four times. 


refresh your memory, Figure 173 shows the results of the use of a highly refined 
antigen, the regular skin test antigen that I have been using for years. It was only 
in previously infected individuals that we saw what seemed to be an anamnestic 
rise in titer, as shown in the lower part of the table. 

Then we used a concentrated raw antigen and were able to produce significant 
levels of dye test antibody in previously uninfected individuals (Figure 174). 
Then we went toa less diluted refined antigen (Fig. 175), prepared by Lilly, diluted 
50 times rather than the usual 1000 times, as I recall it. You see, there was 
no production of antibody. Well, it seemed that the next thing, then, was to meas- 
ure complement-fixing antibodies, so I injected another series of human volun- 
teers. I cannot run the complement-fixation test myself, so I sent the sera off, 
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Dye Test 
Case No. } 
Before vaccination After vaccination 
1 Negative Negative 
2 Negative Negative 
3 Negative Negative 
4 | Negative Negative 
5 | Negative Negative 
6 | Negative Negative 
7 Negative Negative 
8 Negative Negative 
9 Negative Negative 
10 + 1:256 + 1:2048 








Fic. 175. Results of attempt to stimulate dye test antibody formation in human volun- 
teers using a concentrated refined antigen. 











Skin Test* | Dye Test | Complement Fixation Testt 
- | Before | 3 Mos. after | Before | 3 Wks. after Before 3 Wks. after 
| vaccination | vaccination } vaccination | vaccination vaccination vaccination 
1 | Neg. Weakly Neg. Pos. 1:128 Neg. | + 
| positive 
3 | Neg. | Neg. Neg. Neg. Neg. Neg. 
3 | Neg. Neg. Neg. Pos. 1:8 AC 1+ 
4 | Neg. Neg. Neg. Neg. Neg. Neg. 
5 | Neg. Neg. | Neg. Pos. 1:32 Neg. + 
6 | Neg. Doubtful | Neg. Pos. 1:8 Neg. Neg. 
7 | Neg. Neg. | Pos. 1:4 Pos. 1:128 Neg. Neg 
8 | Neg. | Weakly | Neg. Pos. 1:8 Neg. Neg 
| positive | 
9 | Neg. | Neg. Neg. Pos. 1:128 Neg. Neg. 
10 | Neg. | Neg. | Neg. Pos. 1:32 Neg. Neg. 
11 | Neg. | Neg. Neg. Pos. 1:64 Neg. Neg. 














* Controlled by injection of suspension of uninfected mouse spleen. 
+ All sera tested at 1:8 dilution only. 


Fic. 176. Immunity patterns in human beings following vaccination with heat-killed 
Toxoplasma (four doses of 11 million organisms each given at weekly intervals). 


and Figure 176 shows the results. The first two columns show skin tests before 
and 3 months after vaccination. There were two weakly positive skin tests and 
one doubtful skin test in the lot. The dye test antibody response was not as great 
as it was in the previous series. We used four doses of 11,000,000 organisms given 
subcutaneously at weekly intervais. Incidentally, those skin tests were controlled 
by injection of a suspension of uninfected mouse spleen and done in different 
parts of the body each time; that is, the skin test was done before each injection 
in a different part of the body. 

You see that the dye test titers are not as high in this particular series of cases 
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as they were in the previous experiment. Complement-fixing antibodies failed to 
appear except in the third case. They were doubtfully present in the Ist and 5th 
cases. All these sera were tested at the 1:8 dilution only. 

Remington: I feel a bit badly about this because people have asked me many 
times whether or not sera for serological tests must be drawn prior to doing a 
Toxoplasma skin test. I have always replied that there are no data to suggest that 
the skin test antigen will cause a rise in dye test titer. I was not aware of your 
data. The information on which I based my knowledge derives from the fact 
that we have frequently skin-tested Dr. Jacobs and Mr. Lunde, both having had 
previous proved infections. Frequently, the skin test antigen in these 2 peopie 
will cause axillary lymphadenopathy on the side tested. Sera drawn 24 and 48 
hours after the test turns positive, show no change in titer when run in parallel 
with the pretest serum. 

I am wondering if you consider the small amount that is given in the regular 
skin test sufficient to cause a rise in titer. 

Fair: No, the amount of skin test antigen that I gave was three doses of 0.5 
cc., at weekly intervals. 

Feldman: Regular skin tests will not; in fact, we have done serial bleedings 
after this, just prior to and after skin tests, without any effects. 

Frenkel: May I say one more thing about this? The antigen mass that gives 
rise to dermal hypersensitivity is less than the mass necessary to produce an 
antibody boost. This has been observed in a number of instances, and I believe 
this is a plausible explanation here. Most of the antigen is fixed locally with the 
hypersensitivity response; you might label it with a little radioactive iodine and 
observe for yourself. 

If you gave a lot of antigen, and gave it prolongedly, you can, with skin test 
material, get an increase of antibody titers. You just have to give more and give 
it subcutaneously.* 

Remington: The reason this is often brought up is that there are skin test 
antigens, such as Histoplasmin, that will definitely cause a positive serological 
result. In these cases the initial serum should be drawn prior to the administra- 
tion of the test. 

Feldman: I was going to raise a question or two about chemotherapy. I think 
that we try to oversimplify this problem. Fundamentally, we are dealing with at 
least two and perhaps more situations; that is, the organism which is within a 
cyst or within a cell represents a very complicated problem in therapeutics. As a 
matter of fact, I do not know of any chemotherapeutic agent which is in any 
way effective against organisms in the intracellular position. Even organisms like 
Rickettsiae, which are very sensitive and very susceptible to certain drugs, cannot 
be eradicated from cells and, as we know, patients with Rocky Mountain spotted 
fever or scrub typhus, who have been treated adequately, still will have viable 
organisms for many months or years after treatment has been finished. 

I think that this is relevant to our problem here. I am sure there is a very 


* Frenkel: XVII Internat. Congr. Ophth., 3: 1965-1976, 1954. 
t McDearman, S. C. and Young, J. M.: Am. J. Clin. Path., 34: 434, 1960. 
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definite effect of these two drugs upon actively multiplying organisms. I doubt 
very seriously whether there is any effect upon organisms which are in a “resting” 
stage. 

We have done some metabolic studies in our laboratory, which were started for 
the purpose of learning whether we could measure drug effect in the Warburg. 
In so far as we can determine, these cells that are put into the Warburg are es- 
sentially resting cells. We have not yet found a way tostimulate their metabolism 
in a positive fashion, or at least provide them with a milieu in which they will 
respire very actively. 

Perhaps, in this resting stage, they are not too different from organisms within 
a cyst. I do not know. This is a possibility, at any rate. The organisms in the 
Warburg are exposed to as much as 50 ug. of pyrimethamine per ml. If you 
calculate out what Dr. Kaufman gave us before—he was up to the 0.2 per cent 
milligram level, about 2 ug. per ml. of serum—this is 25 times that concentration. 
At this level, there is absolutely no effect whatsoever upon the amount of oxygen 
consumed by these organisms. 

If you put sulfadiazine in, in a concentration as high as 100 yg. per ml., which 
is far in excess of anything that we would get with the kind of therapeutic doses 
that are used, there is, again, no effect upon the metabolism of the parasites. 

The combination of the two has no effect, either; that is, 50 wg. per ml. of both 
Daraprim and sulfadiazine. Various other agents behave in the same fashion. 

If we add antibody and activator to this system, there is an immediate and 
prompt cessation of metabolic activity. This does not happen unless we have the 
entire antibody system. Normal serum has no effect at all; in fact, it may be 
stimulatory. 

These are preliminary observations and they have to be extended, but they 
indicate to us what we already know to be so. Live organisms have been iso- 
lated from patients who, presumably, had a reasonably good clinical response 
when treated with pyrimethamine. This happened in the two cases published by 
Kayhoe.* The initial response appeared to be quite good and, yet, parasites were 
found a year later in 1 case, and were obtained several months later from the 
other. 

Our special problem, perhaps, as related to the eye may be the problem of get- 
ting something into the cell or into a cyst, and to eradicate organisms in those 
positions. 

Pinkerton: I am not sure that Dr. Feldman is entirely right about the Rickett- 
siae within cells not being eradicated by antibiotics. In the cells lining the yolk 
sac of the fertile egg, they almost certainly are. We could often find no Rickettsiae 
whatever after about 48 hours, when we started out with rather heavily infected 
cells, and injected chemotherapeutic agents in adequate doses. As for the human 
cases, with the exception of Brill’s disease, which probably is recrudescent typhus, 
I know of little evidence for the persistence of Rickettsiae in human beings. 

Feldman: Ted Woodward had 1 patient with spotted fever who was treated 
with one of the tetracyclines, and who, I believe a year later, had a lymph node 


* Kayhoe et al.: New England J. Med., 257: 1247, 1957. 
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removed and Rickettsiae were obtained from that. Then, there were several simi- 
lar cases in Kuala Lumpur in the scrub studies. 

Pinkerton: I wonder if these are not rare exceptions. Certainly in guinea pigs, 
with either typhus or spotted fever, if one waits a week after the fever subsides, 
the strain is lost for good. With or without antibiotics we have the problem of the 
occasional carrier after recovery from many infections, bacterial, protozoal and 
viral. It is said that typhoid carriers can be cleared up by heroic antibiotic meas- 
ures. 

Oxytetracycline has been shown to attain a concentration within monocytes 
equal to that in the intracellular fluid. In our studies on Rickettsiae, we believed 
that certain other agents, which greatly increased oxygen consumption, probably 
were rickettsiostatic because of the metabolic alterations which they caused in 
the host cells. With reference to your experiments, we found, for example, that 
para-aminobenzoic acid in concentrations of 1:3000 had no measurable effect 
on the infectivity of typhus Rickettsiae in vitro, while much lower concentrations 
in the yolk sac of the fertile egg caused disappearance of the organisms from the 
entodermal lining cells. 

The cyst, I admit, presents a real problem, but if its metabolism can be stopped 
by antibody, as your studies suggest, I see no reason for being too pessimistic 
about stopping it, perhaps lethally, by chemotherapeutic agents. Since cysts 
apparently form in tissue culture, this would be an excellent way of approaching 
the problem. 

Frenkel: Also in toxoplasmosis, there is evidence of intracellular drug effect. 
Only those sulfonamides that get into cells are chemotherapeutically effective.* 
Warren and Sabin{ showed that sulfonamides are not effective in vitro. Although 
a chemotherapeutic effect on cyst-organisms is not striking, a moderate effect has 
been shown recently by Dr. Beverley. Both cyst sizes and numbers were decreased 
by treatment with pyrimethamine and sulfamethazine (sulfadimidine).f{ 


* Frenkel and Jacobs: A.M.A. Arch. Ophth., 59: 273, 1958. 


¢ Warren and Sabin: Proc. Soc. Exper. Biol. & Med., 61: 15, 1942. 
t Beverley: Tr. Ophth. Soc. U. Kingdom, 78: 109-121, 1958. 
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Acidosis, respiratory, papilledema, 674 

Acid phosphatase, distribution, retina, 66 

ACTH, acute neurologic disorders, 672 

Adie’s syndrome, 128 

Adrenalectomy, saga of the unknown, 200 

Alkaline phosphatase, distribution, retina, 66 

Alpha-chymotrypsin, cataract surgery, use, 264 

Amebiasis, complicating corticosteroid manage- 
ment of pemphigus vulgaris, 73 

—, extraintestinal, 33 

Amblyopia, functional, 193 

—, hysterical, 246 

—, tobacco, 138, 248 

Amphotericin B, cryptococcosis treatment, 76 


Anatomy 

blood vessels, fine structure, in iris light and 
electron microscope studies, 422 

ciliary body, capillaries, ultrastructure, 374 

— epithelium, ultrastructure, human and rab- 
bit, differences, 374 

lens, iris, and neural retina, vertebrate eye, re- 
generation, 372 


Anemias, retinal hemorrhages, diagnostic signifi- 
cance, 37 

Angiodiathermy, Kettesy’s, gonioscopic study, 53 

Anesthesia, halothane, ophthalmic examination 
of ambulatory children, 189 

—, iatrogenic effects, 307 

—, pediatric, changing management, 458 

—, cocaine, 293 

Aneurysm, intracranial, medical treatment, 435 

Anterior chamber, copper fragments, diagnosed 
by ultrasound, 112 

— — implants, ophthalmic surgery, new develop- 
ments and uses, 177 

Antibacterial therapy, experimental approach, 42 

Antibiotic resistance, 74 

— therapy, trachoma, 362 

Antimalarial drugs, ocular reactions, 465 

Aphakia, bilateral, binocular vision, 327 

—, “pupil lens” or “‘iris clip lens’’, implantation, 
indications and technique, 176 

Aqueous flow, hypotonic and glaucomatous eyes, 
426 

— humor, biochemical study, after death, 68 

— —, protein content, 29 

Arterial pressure, retinal, measurement, 141 

Arteriosclerosis, conjunctiva and nail bed small 
blood vessels, 275 

Arteritis, temporal, total blindness, 230 
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Atabrine (quinacrine), 30 

Ataxia, occurrence, 676 

Atherosclerosis, ophthalmological sign, 38 

—, retinal vascular reactivity, 233 

Atropine-like drugs, comparison, 
specificity, 71 

— response, eyes, in mongolism, 377 

— sensitivity and serotonin, in mongolism, 376 

Aureus bacteremia, after ventriculoatriostomy, 
472 


end-organ 


Bacillus tularense, infection, 475 

Bacteria, Gram-positive, resistance to lysozyme, 
78 

Bartisch, Georg, 16th century oculist, 481 

Behget’s disease, 679 

— —, ophthalmological aspects, 681 

— —, virological aspects, 680 

Betamethasone, chemistry and pharmacology, 649 

—, in ophthalmology, 648 

Beta-propiolactone, instruments and materials, 
sterilization, 265 


Biochemistry 
alkaline and acid phosphatase, distribution, in 
retina, 66 
cornea and aqueous humor, biochemical study, 
after death, 68 
reductase, distribution in ocular tissue, 196 
tetrazolium, retina, study, 196 


Blepharophimosis, hereditary, 173 

Blood-cerebrospinal fluid, barrier, carbon dioxide, 
papilledemain chronic respiratory disease, 674 

— dyscrasias, 311 

— vessel disease, in diabetes, histology, 349 

— —, fine structure, in iris light and electron 
microscopic studies, 422 

— —, small, conjunctiva and nail bed, arterio- 
sclerosis, 275 

——,—, —— — —,, diabetes mellitus, 337 

Bolton, James, surgeon-oculist, 291 

Bone marrow findings, cryoglobulinemia, 439 


Book reviews 

Shapero-Cline-Hofstetter, Dictionary of Visual 
Science, 92 

Csapody, I., Augenhohlenplastik, 92 

Transactions of the American Ophthalmological 
Society, 1960, 392 

Jackson, C. 8., The Eye in General Practice, 393 

Smelser, George K. (editor), The Structure of 
the Eye, 393 
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Cancer immunity, 258 
Carcinoma, prostate, metastases, exophthalmos, 
65 
Cardiovascular disorder, diabetics, analysis, 157 
Carotid arterial thrombosis, internal, ocular mani- 
festations, 148 
—-cavernous fistula, exophthalmos, 453 
— and retinal artery pressures, simu!taneous de- 
terminations, 240 
Cataract, crystalline, extraction, enzymatic 
zonylolysis, 268 
—, obstruction, fundus reflex, 282 
— operation, analgesia, combined local and gen- 
eral, 441 
— —, centenarian, 52 
—, — during first ten years of life, prognosis, 359 
— —, enzymatic zonulolysis, 260 
—, senile, artificial self-resorption, without opera- 
tion, 267 
—, subcapsular, induced, corticosteroids, rheuma- 
toid arthritis, 463 
— surgery, 180 
— —, alpha-chymotrypsin, use, 264 
— —, complications, management, 442 
—, surgical treatment, mechanical zonulolysis, 447 
—, toxic, 135 
Cat-scratch disease, oculoglandular, 271 
Chamber angle, mechanical obstruction, effects, 
122 
Chemotherapy, response, 365 
Chloroquine keratopathy, 30 
—, ocular lesions, 467 
— therapy, retinopathy following, 31 
Cholinesterase-activity, myasthenia  ocularis, 
study, 27 
Choroid melanocytoblastoma, development, 669 
Choroidal detachment, serous, 395 
complications, 411 
differential diagnosis, 410 
treatment, 412 
Chymotrypsin, alpha. See Alpha-chymotrypsin 
Ciliary body, capillaries, ultrastructure, 374 
— epithelium, ultrastructure, human and rabbit, 
difference, 374 
Circle of Willis, anterior segment, collateral circu- 
lation angiographic test, 129 


Classics in ophthalmology 
Schoenberg, M. J., Clinical and Experimental 
Researches on Intraocular Drainage, 84 
Schigtz, H., Tonometry, with a Description of a 
New Tonometer, 202 
Koller, Karl, The Application of Cocaine to the 
Eye as an Anesthetic, 293 
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Young, Thomas, On the Mechanism of the Eye, 
383 

Vail, Derrick T., A Case of ‘Squirrel Plague” 
Conjunctivitis in Man (Bacillus tularense 
Infection of the Eye), 475 

Verrey, Florian, George Bartisch—16th Cen- 
tury Oculist, 481 

Fick, Adolph Eugen, A Contact Lens, 694 


Cocaine, eye anesthetic, 293 
Colistin (coly-mycin), pseudomonas infection, 
laboratory and clinical observations, 433 


Collateral circulation 
angiographic test, through circle of Willis, 
anterior segment, 129 


Color vision, goldfish, electrophysiological evi- 
dence for mechanism, 690 

Coly-mycin (colistin), pseudomonas infection, 
laboratory and clinical observations, 433 


Conjunctiva 

dyskeratosis, intraepithelial, hereditary benign, 
339 

ophthalmo-iatrogenic disorders, 315 

nail bed and small blood vessels, arteriosclerosis, 
275 

— —, — — — diabetes mellitus, 337 

vessel changes, 605 

—, succinylcholine influence, observations, 449 


Conjunctivitis, ‘“‘squirrel plague’’, 475 

Contact lens, 694 

— lenses, ocular, anatomic, and physiologic 
changes, 272 

— —, problems, 164 


Cornea 

abrasions, eye-pads, effect on healing, 111 

biochemical study, after death, 68 

chicken and monkey, use for human corneal 
grafting, 655 

grafting, long-term preservation of donor tissue, 
109 

—, penetrating problems, 653 

herpes and fungal infections, 317 

heterografts, 334 


Corticosteroids, effect on herpetic keratitis, 686 

— management of pemphigus vulgaris, compli- 
cated by amebiasis, 73 

—, rheumatoid arthritis, 463 

— susceptibility, 365 





al 
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Cortisone, testosterone, and protein nutrition, 
effect and interrelation, wound healing, 465 

Cryoglobulinemia, bone marrow findings, 439 

—, treatment, cryoprotein, 363, 684 

Cryoprotein, cryoglobulinemia treatment, 363, 
684 

Cryptococcosis, Amphotericin B treatment, case 
report, 76 

—, disseminated, sarcoid-type reaction, 76 

Cyst rupture, besnoitia infection, toxoplasmosis 
pathogenesis, 799 

Cystinosis, cystine crystals in peripheral white 
blood cells, 191 


Dacryocystorhinostomy, 95 
flap, formation, 100 
operation, 96 
preoperative preparation and anesthesia, 95 
simplified technique, 445 
Deafness, occurrence, 676 
Dermatitis, due to neomycin, 48 
—, therapy, side effects, 309 
Dermatoses, topical therapy, Triburon and hydro- 
cortisone, 43 
D.F.P., myasthenia ocularis, effect, 27 
Diabetes, ocular pathological aspects, 515 
—, small blood vessel disease, histology, 349 
— mellitus, animals, 351 
— —, retinal vascular reactivity, 233 
— —, retinopathy and nephropathy, 236 
— —, small blood vessels, conjunctiva and nail 
bed, 337 
Diabetic retinopathy, See Retinopathy, diabetic 


Diagnostic test 
melanoma, of skin, radioactive phosphorus, 
diagnosis in vivo, 124 


Digitalis intoxication, 314 

Dynamometry, retinal, 81 

—, temporal, 342 

Dyskeratosis, intraepithelial, hereditary benign, 
339 


Eclampsia, pregnancy, retina detachment, 155 

Electromagnetic spectrum, exposure, occupational 
injuries, 379 

Electroretinographic equipment, standardization, 
34 

Endocarditis, enterococcal, 428 

Endocrine aspects, relapsing hemorrhages of 
retina, 232 

— exophthalmos, 667 

— eye lesion, hyperthyroidism, 347 
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Epicanthal folds, and ptosis, treatment, 168 

Epicanthus inversus, hereditary, 173 

Erythema nodosum, conjunctival nodules, 108 

Exophthalmos, endocrine, 667 

—, malignant lymphoma, 332 

—, management, 131 

—-producing reaction by serum of patients with 
thyroid dysfunction, 667 

—, prostate carcinoma metastases, 65 

—, pulsating, caused by carotid-cavernous fistu- 
las, 453 

—, thyroid dysfunction, 133 


External disease 

cat-scratch disease, oculoglandular, 271 

electric shavers and eye affections, 59 

endocrine exophthalmos, study, 667 

erythema nodosum, conjunctival nodules, 108 

keratoconjunctivitis sicca and Sjégren’s syn- 
drome, 419 

lacrimal canals, affections, nonsurgical treat- 
ment, 666 

oculo-cutaneous disease and internal medicine, 
60 

Stevens-Johnson syndrome, 63 

trachoma, antibiotic therapy, 362 

virus diseases, ocular, 56 


Eye care, total, 211 
—, mechanism, 383 


Eyelids 
upper, surgical aspects, 178 
wounds, apparently trivial, intracranial dam- 
age, 331 


Fibers, zonular, alpha-chymotrypsin, effect, 357 

Fibrinolysis, nicotinic acid, induction in vivo, 
use, 47 

Fibroplasia, retrolental, 187 

—,—, prevention, 455 

Fistulas, carotid-cavernous, exophthalmos, 453 

Folliculoma, hair-follicle tumor, 256 

Fractures, skull, 278 


Fundi 
papilledema, intracranial disease, pathogenesis, 
review of literature, 126 


Fundus reflex, impaired or absent, obstruction by 
cataract, 282 


Gall bladder, rupture, steroid therapy, 216 











Glaucoma 

acute surgical results, 114 

aqueous flow, hypotonic and glaucomatous eyes, 
426 

central retinal artery, occlusion, 221 

chamber angle, mechanical obstruction, effects, 
122 

compression test, 120 

fistulizing operations, 54 

gonio-vessels, 116 

hemorrhagic, iron compounds in eye, signifi- 
cance for pathogenesis, 424 

pigment, diagnosis, 663 

primary, emotional factors, 223 

simple, diagnosis and treatment, 117, 335 

survey, Pittsburgh and environs, 220 

tonometry, impression, effect of eye volume 
variation, 225 


Glucose, metabolic pathways, 498 

Gonin, heritage, 657 

Gonioscopy, after Kettesy’s angiodiathermy, 53 

Gonio-vessels, 116 

Graves’ disease, hyperophthalmic, with pituitary 
tumor and hyperparathyroidism, 130 

Grénblad-Strudberg syndrome, 139 


Halothane anesthesia, ophthalmic examination of 
ambulatory children, 189 

Handel, George Frederick, a genius in darkness, 
198 

Head, trauma, ocular signs, 280 

Heart block, occurrence, 676 

Hematoma, subdural, diagnosis and localization, 
344 

Hemorrhage(s), pituitary adenoma, recovery and 
reossification of sella turcica, 244 

—, relapsing, retina, endocrine aspects, 232 

—, retinal, severe anemias, diagnostic significance, 
37 

Herpes simplex, study, 686 

— — virus infection, interferon, effect, 687 

Herpetic keratitis, corticosteroids, effect, 686 

Heterografts, corneal, 334 


History 
James Bolton, surgeon-oculist, 291 
medical jurisprudence, ancient, special reference 
to the eye, 82 
Susruta, his time, life, and works, 290 


Hormone, parotis, effect in myasthenia ocularis, 
“a 
27 


—, retinopathy, relationship, 551 
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Hyaloid membrane, anterior, alpha-chymotrypsin, 
effect, 357 

Hydrocortisone, dermatoses, topical therapy, 43 

Hyperglyceridemia, and lipemia retinalis, in hypo- 
pituitarism, 437 

Hyperparathyroidism, pituitary tumor, hyper- 
ophthalmic Graves’ disease, 130 

Hypertension, in Warner’s syndrome, 229 

Hyperthyroidism, endocrine eye lesion, 347 

Hypopituitarism, hyperglyceridemia and lipemia 
retinalis, 437 

Hypothalamus, electrical stimulation, effect on 
tissue respiration of iridociliary body and 
protein content in aqueous humor, 29 


Iatrogenic blindness, 252 
— pathology, 301 
anesthesia, 307 
blood dyscrasias, 311 
conjunctiva, 315 
cornea, 317 
dermatitis, therapy, 309 
digitalis intoxication, 314 
internal disease, treatment, 311 
lens, 320 
liver disease, 302 
muscles, 318 
nephrosis, acute versenate, 315 
ophthalmo-iatrogenic disorders, 315 
optic nerve, 322 
pediatric disease, treatment, 310 
psychotherapy, 308 
renal disease, 306 
retina, 320 
roentgen therapy, 315 
ulcer aggravating drugs, 305 
Infection, mycotic, therapy, 40 
—, resistance, 365 


Inflammatory disease 
Behget’s disease, discussion, 679 


Insulin deficiency, retinal changes, 483 

Interferon, experimental vaccinia and herpes 
simplex virus infections, effect, 687 

Internal disease, treatment, side effects, 311 

Intracranial disease, papilledema, pathogenesis, 
126 

Intraocular drainage, clinical and experimental 
researches, 84 


Intraocular foreign bodies 
copper fragments, anterior chamber and vitre- 
ous, diagnosed by ultrasound, 112 
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Iridociliary body, tissue respiration, 29 
Iris, vertebrate eye, regeneration, 372 
Iritis, treatment, phenylbutazone, 274 


Kanamycin, ophthalmic use, study, 218 

Keratitis, herpetic. See herpetic keratitis 

Keratoconjunctivitis sicca and Sjégren’s syn- 
drome, systemic manifestations and hemato- 
logic and protein abnormalities, 419 

Keratopathy, chloroquine, antimalarial drugs, 
visual disturbances, 30 

Kettesy’s angiodiathermy, gonioscopic study, 53 

Kidney, vascular lesions, electron microscopy, 487 


Labyrinth, caloric stimulation, 450 


Lacrimal apparatus 
lacrimal canaliculi, 326 


Lacrimal canals, affections, nonsurgical treat- 
ment, 666 

Lamellar scleral resection, retinal detachment, 
182 


Lens 
blood, 645 
cataract, toxic, 135 
color phenomena, 641 
exogenous pigmentation, 632 
— staining 
iatrogenic pathology, 320 
pigmentation and coloration, 630 
vertebrate eye, regeneration, 372 
x-ray damage, modification, by partial shield- 

ing, 72 


Lenses, contact. See Contact lenses 

Lipemia retinalis, hyperglyceridemia, 
pituitarism, 437 

Lipid metabolism, 564 

Liver disease, iatrogenic, 302 

Lymphoma, malignant, exophthalmos, 332 

Lysozyme, Gram-positive bacteria, resistance, 78 


hypo- 


Macula, diseases, 613 

—, extraintestinal amebiasis, 33 

—, lesions, involutional and senile origin, 153 

Melanocytoblastoma, choroid, 669 

Melanoma, juvenile, 253 

—, skin, radioactive phosphorus, diagnosis in vivo, 
124 

Melanosis, circumscribed precancerous, 253 

Metabolism, lipid, 564 

Microaneurysm, 492 

—, retinal capillary, 237 
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Microbicide, Triburon, evaluation in dermato- 
logical practice, 44 


Microbiology 

antibiotic resistance, 74 

cryptococcosis, disseminated, sarcoid-type re- 
action, 76 

herpes simplex, study, corticosteroids, effect on 
herpetic keratitis, 686 

— — virus infections, and experimental vac- 
cinia, interferon, effect, 687 

lysozyme, Gram-positive bacteria resistance, 
mechanism, 78 

pemphigus vulgaris, amebiasis 
corticosteroid management, 73 

polymyositis, toxoplasmic, 470 

sarcoid, etiology, 79 

sarcoidosis, myocardial, sudden death, 79 

Staphylococcus albus, or aureus bacteremia, after 
ventriculoatriostomy; role of foreign body, 
472 

Toxoplasma organisms, aqueous, in acquired 
toxoplasmosis, 688 


complicating 


Migraine, ophthalmoplegic, mechanism, possible 
explanation, 670 


Miscellany 
adrenalectomy, saga of unknown, 200 
Handel, George Frederick, a genius in darkness, 
198 
ophthalmology, new China, achievements, 199 


Mébius syndrome, neurologic aspects, 242 
Mongolism, atropine response, eyes, 377 
—, — sensitivity and serotonin, 376 
Mucocele, giant, frontal sinus, 277 
Mucormycosis 
case report, 2 
cerebral, 1 
clinical considerations, 9 
mycology, 7 
pathogenesis, 18 
pathology, 18 
treatment, 21 
Multiple sclerosis, intrathecal reaction to tuber- 
culin, 25 
— —, seasonal incidence of onset and exacerba- 
tions, 26 
Muscles, iatrogenic pathology, 318 
—, inferior oblique, suprachoroidal implantation, 
retinal degeneration, 156 
—, levator, resection through a skin incision in 
congenital ptosis, results, 170 
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Myasthenia gravis, diagnosis and treatment, 249 

— ocularis, cholinesterase-activity, study, 27 

Mycotic infection, therapy, 40 

Myopia, in child, association with maternal dis- 
ease, 284 


Neomycin, contact dermatitis due to, 48 


Neoplasm (See also Ocular oncology) 
retinoblastoma, primary stage, treatment, 330 
rhabdomyosarcoma, 329 
melanocytoblastoma, choroid, 669 


Nephropathy, diabetes mellitus, 236 

— and retinopathy, association (electron mi- 
croscopy), 599 

Nephrosis, acute versenate, 315 

Neurological disorders, in diabetics, analysis, 157 


Neuro-ophthalmology 

ACTH, acute neurologic disorders, 672 

amblyopia, hysterical, 246 

—, tobacco, 248 

diabetic neuropathy, vascular etiology, 251 

dynamometry, temporal, 342 

exophthalmos, pulsating, caused by carotid- 
cavernous fistulas, 453 

hematoma, subdural, diagnosis and localiza- 
tion, 344 

iatrogenic blindness, 252 

labyrinth, caloric stimulation, 450 

Mébius syndrome, neurologic aspects, 242 

multiple sclerosis, intrathecal reaction to tuber- 
eulin, 25 

— —, seasonal incidence of onset, exacerbations, 
26 

myasthenia gravis, diagnosis and treatment, 
infancy, childhood, and adolescence, 249 

myasthenia ocularis, cholinesterase-activity 
study, 27 

neuropathy, diabetic, 341 

ocular verticality, function, alterations, 450 

ophthalmoplegic migraine, mechanism, possible 
explanation, 670 

papilledema, chronic respiratory acidosis, 
blood-cerebrospinal fluid, carbon dioxide 
barrier, 674 

pituitary adenoma, hemorrhage, recovery and 
reossification of sella turcica, 244 

retinal and carotid artery pressures, simultane- 
ous determinations, 240 


Neuropathy, diabetic, 341 
—, —, vascular etiology, 251 
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Neurophysiology 
hypothalamus, electrical stimulation, effect on 
tissue respiration of iridociliary body and 
protein content of aqueous humor, 29 


Nevi, pigmented, 253 

Nevoid tumors, skin, histogenesis, 256 

Nicotinic acid, fibrinolytic activity, induction, 47 
Nocardosis, case report, 113 


Notice 
Investigators Awarded Fight for Sight Citation, 
698 


Nystagmus, ocular, secondary; function of in- 
tensity, duration of acceleration, 285 


Oculo-cutaneous disease and internal medicine, 60 
Oculogyral illusion, semicircular canal adapta- 
tion to bizarre stimulation, 682 


Ocular infection 
Nocardosis, case report, 113 


Ocular lesions, after treatment with chloroquine, 
467 


Ocular oncology (See also Neoplasm) 
cancer immunity, 258 
nevoid tumors, skin, histogenesis, folliculoma, 
hair follicle tumor, 256 
pigmented nevi, benign juvenile melanoma, and 
circumscribed precancerous melanosis, 253 
retinoblastoma, editorial, 255 


Ocular verticality, function, alterations, 450 
Ophthalmia neonatorum, prophylaxis, 81 
Ophthalmodynometer, 140 
Ophthalmodynamometry, 678 
Ophthalmo-iatrogenic disorders, 315 
Ophthalmology achievements, new China, 199 
Ophthalmoplegia, occurrence, 676 


Optic nerve 
iatrogenic pathology, 322 
tobacco amblyopia, 138 


Orbit 
exophthalmos, malignant lymphoma, 332 
—, management, 131 
—, prostate carcinoma, metastases, 65 
—, thyroid dysfunction, 133 
Grave’s disease, hyperophthalmic, with pitui- 
tary tumor and hyperparathyroidism, 130 
mucocele, giant, frontal sinus, 277 

















Original articles 

Brav, Solomon 8., Serous Choroidal Detach- 
ment, 395 

Cowan, Thomas H., Pigmentation and Colora- 
tion of the Lens, 630 

Fabritius, Ruth E., Observations on Patients 
with Diseases Involving the Macula, 613 

Ferry, Andrew P., Cerebral Mucormycosis 
(Phycomycosis). Ocular Findings and Review 
of Literature, 1 

Givner, Isadore, Iatrogenic Pathology of In- 
terest to the Ophthalmologist, 301 

Kasper, Kelvin A., Dacryocystorhinostomy, 95 


Papilledema, chronic respiratory acidosis, 674 
—, intracranial disease, pathogenesis, 126 

Parotis hormone, myasthenia ocularis, effect, 27 
Pediatric disease, treatment, side effects, 310 


Pediatric ophthalmology 

anesthesia, pediatric, changing management, 
458 

cystinosis, cystine crystals in peripheral white 
blood cells, 191 

fundus reflex, impaired or absent, obstruction 
by cataract, 282 

halothane anesthesia, open drop, ophthalmic 
examination of ambulatory children, 189 

myopia, in the child, association with maternal 
disease, 284 

premedication, evaluation, 456 

retinoblastoma, 186 

retrolental fibroplasia, blindness, 187 

— —, prevention, 455 

rhabdomyosarcoma, 461 

rhabdomyosarcoma in children, 460 

vision screening program, design and evalua- 
tion, elementary school children, 183 


Pemphigus vulgaris, corticosteroid management 
complicated by amebiasis, 73 


Pharmacology 
antimalarial drugs, ocular reactions, 469 
atropine-like drugs, comparison, end-organ 
specificity, 71 
— response, eyes, mongolism, 377 
— sensitivity, and serotonin, in mongolism, 376 
chloroquine, ocular lesions, 467 
corticosteroids, rheumatoid arthritis, 
capsular cataracts, induced, 463 
‘‘priscol,”” conjunctival vessels of diabetics, 
response, 69 
testosterone, cortisone, and protein nutrition, 
effect and interrelation, sound healing, 465 


sub- 
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Phenylbutazone, postoperative iritis, treatment, 
274 

Phosphatase, alkaline and acid, distribution, in 
retina, 66 

Phycomycosis. See Mucormycosis 


Physiology 

amblyopia, functional, 193 

color vision, in goldfish, electrophysiological 
evidence for mechanism, 690 

electromagnetic spectrum, exposure, occupa- 
tional injuries, 379 

lens, x-ray damage modification, partial shield- 
ing, 72 

retina, fleck, congenitei nightblindness, 378 


Pituitary adenonia, hemorrhage, recovery and re- 
ossification ot sella turcica, 244 

— tumor, hyperparathyroidism, hyperophthalmic 
Graves’ disease, 130 


Plastic surgery 

blepharophimosis, ptosis, and epicanthus in- 
versus, hereditary, 173 

muscle, levator, resection through skin incision, 
congenital ptosis, results, 170 

ptosis and epicanthal folds, treatment, 168 

ptosis, upper eyelid, congenital and acquired, 
correction, 174 


Pollinosis, injections of allergenic extracts, 217 

Polymyositis, toxoplasmic, 470 

P.P.D. (purified protein derivative), 25 

Premedication, evaluation, in children, 456 

“‘Priscol,’’ conjunctival vessels of diabetics, re- 
sponse, 69 

Propiolactone, beta. See Beta-propiolactone 

Prostigmin, myasthenia ocularis, effect, 27 

Protein, aqueous humor, 29 

— nutrition, testosterone, and cortisone, effect 

and interrelation, wound healing, 465 

Prothrombinopenic anticoagulant drugs, com- 
parative study, 429 

Pseudoxanthoma elsasticum, 139 

Psychotherapy, iatrogenic effects, 308 

Ptosis, congenital, levator muscle, 
results, 170 

— and epicanthal folds, treatment, 168 

—, hereditary, 173 

—, upper eyelids, congenital and acquired, cor- 
rection, 174 

Pulseless disease, case report, 152 


resection 


Pupil 
Adie’s syndrome, 128 
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Quinacrine (Atabrine), 30 


Radioactive phosphorus, melanoma of skin, diag- 
nosis in vivo, 124 
Reductase, distribution in ocular tissue, 196 


Refraction, 
aphakia, bilateral, binocular vision, 327 
contact lenses, ocular, anatomic and physiologic 
changes, 272 
— —, problems, 164 


Renal disease, iatrogenic, 306 


Retina 
alkaline and acid phosphatase, distribution, 66 
arterial pressure, retinal, measurement, 141 
— thrombosis, vertebral-basilar, ocular mani- 
festations, 150 

arteritis, temporal, total blindness, 230 

atherosclerosis, ophthalmological signs, 38 

burns after sun’s eclipse, 239 

cardiovascular, and neurological disorders, in 
diabetics, analysis, 157 

carotid arterial thrombosis, internal, ocular 
manifestations, 148 

— artery pressures, simultaneous determina- 
tions, 240 

detachment, 234 

—, eclampsia of pregnancy, 155 

—, (heritage of Gonin), 657 

—, prophylaxis, 262 

—, retinopexy or lamellar scleral resection, 182 

—, surgical management, 353 

diabetic retinopathy, a new approach, 158 

electroretinographic equipment, clinical, stand- 
ardization, 34 

fleck, congenital nightblindness, 378 

hemorrhages, relapsing, endocrine aspects, 232 

—, severe anemias, diagnostic significance, 37 

iatrogenic pathology, 320 

keratopathy, chloroquine, antimalarial drugs, 
visual disturbances, 30 

lipemia retinalis and hyperglyceridemia, in 
hypopituitarism, 437 

macula, extraintestinal amebiasis, 33 

—, lesions, involutional and senile origin, 153 

microaneurysms, retinal capillary, 237 

muscle, inferior oblique, suprachoroidal im- 
plantation, retinal degeneration, 156 

neural, vertebrate eye, regeneration, 372 

opthalmodynamometer, new, 140 

ophthalmodynamometry, 678 

pigmentation, ophthalmoplegia, ataxia, deaf- 

ness, and heart block, occurrence, 676 

Pseudoxanthoma elasticum, 139 
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pulseless disease, case report, 152 

retinitis pigmentosa, hypertension, and uraemia 
in Warner’s syndrome, 229 

retinopathy and nephropathy, diabetes mellitus, 
236 

—, following chloroquine therapy, 31 

vascular disease, brain, occlusive, compensatory 
mechanisms, 144 

— lesions, electron microscopy, 487 

— reactivity, diabetes mellitus and athero- 
sclerosis, 233 

— proliferation, acute, 227 

surgery, retinal detachment, 161 

Takayashu’s disease, case report, 152 

tetrazolium, study, 196 


Retinitis pigmentosa, in Warner’s syndrome, 229 
Retinoblastoma, 186, 255 
—, primary stage, treatment, 330 
Retinopathy, chloroquine therapy, 31 
—, diabetes mellitus, 236 
—, diabetic, 158 
—, diabetic, conference, 483-612 
conjunctival vessel changes, 605 
diabetes, ocular pathological aspects, 515 
diabetic retinopathy, course, 504 
glucose, metabolic pathways, 489 
hormones, retinopathy, relationship, 551 
insulin deficiency, retinal changes, 483 
kidney, vascular lesions, electron microscopy, 
487 
metabolism, lipid, 564 
microaneurysm, 492 
nephropathy and retinopathy, association, (elec- 
tron microscopy), 599 
pituitary function, 498 
retina, vascular lesions, electron microscopy, 
487 
retinopathy, experimental production, 536 
—, fat-free diet, influence, 578 
—, hormones, relationship, 551 
— and nephropathy, association, (electron 
microscopy), 599 
Retinopexy, retinal detachment, 182 
Retrolental fibroplasia, 187 
Rhabdomyosarcoma, 329, 461 
— in children, 460 
Rheumatoid arthritis, corticosteroids, subcapsu- 
lar cataracts, induced, 463 
— —, juvenile (Still’s disease), 136 
Roentgen therapy, side effects, 315 


Sarcoidosis, myocardial, sudden death, 79 
Sella turcica, recovery and reossiffication, pitui- 
tary adenoma, hemorrhage, 244 
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Semicircular canals, bizarre stimulation, adapta- 
tion, by oculogyral illusion, 682 

Serotonin, and atropine sensitivity, in mongolism, 
376 

Sinus, cavernous, septic thrombosis, 214 

—, frontal, giant mucocele, 277 

Sjégren’s syndrome and_ keratoconjunctivitis 
sicca, 419 

Skull, fractures, ophthalmological significance, 
278 


Space ophthalmology 
eye hazards, protection in space, 287 
ocular nystagmus, secondary, function of in- 
tensity, duration of acceleration, 285 
semicircular canals, bizarre stimulation, adap- 
tation, by oculogyral illusion, 682 


‘Squirrel plague’’ conjunctivitis, 475 

Staphylococcus albus, after ventriculoatriostomy, 
472 

Steroid therapy, gall bladder rupture, 216 
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